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ABSTRACT 
 
Geosynthetic – Soil Interface Properties for Cohesionless and Cohesive Media 
 
Ronald Ingram 
Applications of geosynthetics have undergone extensive growth over the past 50 
years. This study was focused on developing a better understanding the soil – 
geosynthetic interface properties. Two pullout test devices were built as a part of this 
study to investigate interface properties during pullout experiments.  The objective of the 
study was to investigate the influence of soil type, geosynthetic type, moisture content, 
pullout box size, and sample size on the experimentally determined properties of the 
geosynthetic-soil interfaces. Three types of geosynthetic materials and three types of 
soils, namely natural sand, silty sand, and clayey sand were used. Geosynthetic materials 
A and B were geogrids, while material C was a geotextile. Two different pullout boxes 
were used to investigate the influence of sample size. The moisture content was varied as 
0%, 10%, and 15%.  
Results show that interface properties were related to the geosynthetic stiffness.  
Geogrids experience lower pullout capacities as the pullout box size was increased while 
geotextile materials behave differently.  Moisture content does have an effect on pullout 
capacities of geogrids and geotextile materials. The pullout capacity seems to be smaller 
for lower values of moisture content than that for the dry soil. At higher values of 
moisture content (15%), the pullout capacity seems to be higher. This may be due to a 
reduction in frictional properties as the water acts like a lubricant initially. At higher 
water contents, the moisture appears to help in the development of cohesion, which in 
turn increases the pullout capacity. The angle of friction and effective cohesion decreased 
as the pullout box dimensions were increased. Interface properties of geotextile materials 
appear to be more sensitive to pullout box size in comparison to geogrids. 
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CHAPTER 1 
INTRODUCTION 
 
One primary goal of reinforcing soils was to improve roadways with the use of 
“corduroy” roads.  These roads were constructed by tying wooden timbers together to 
create a stable crossing area over swampy terrain.  Centuries have past in terms of 
different soil improvement methods. Geosynthetics have emerged as another method not 
only as soil reinforcement but also for “numerous other aspects.” Dating back a couple 
decades reinforcing a soil mass with extensible inclusions gained extensive popularity 
[Sobhi and Wu, 1996]. Geosynthetics offer not only an economical benefit but also 
flexibility to a structure as opposed to a rigid reinforcement system.  This allows “greater 
displacement” of a structure and greater tension loads before catastrophic failure occurs 
[Gurung, 2001].   
 
1.1 Emergence of Geosynthetics 
 
Soil reinforcement with the use of geotextiles and geogrids is the focus of this 
study; however a brief description of other types of geosynthetics and applications are 
included in the report to show other applications of geosynthetics. Geosynthetics are a 
new generation of materials influencing structures and engineering systems. Their 
applications have grown extensively over the past half-century, particularly in the aspects 
of soil improvements due to many properties ranging from low mass density, high  
strength, and low creep [Niemiec, 2005].  In 1970 only five or six geosynthetics 
were available, however presently over 600 types of geosynthetics are sold.  
Geosynthetics are planar materials normally composed of polymeric materials used in 
connection with geotechnical systems. They are highly resistant to chemical and 
biological degradation  
[Holtz, 2001].   
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Geosynthetics perform five major functions: separation, drainage, filtration, 
reinforcement, and moisture barrier, with two main purposes.  Their main purposes are to 
“do the job better” and “to do the job more economically” [Koerner, 1990].  A brief 
introduction of the overall geosynthetic types is provided to give one a better 
understanding of how vast the geosynthetic arena is.   
 
Geosynthetics are categorized in the following six categories: [Koerner, 1990] 
 
1) Geotextiles – permeable textiles related to material as a significant part of a 
structure or system 
2) Geogrids – net-shaped synthetic polymer-coated fibers formed into a very large 
open grid like configuration called apertures.  Geogrids are created by weaving or 
stretching the material in one or two directions to improve the material to the 
desired physical properties.  In short, geogrids are grid like polymeric materials 
primarily used as reinforcement as part of a structure or system 
3) Geomembranes – an impermeable membrane  used as a significant part of a 
structure or system 
4) Geonets – 3-D netlike polymeric material used for drainage in a significant part of 
a structure or system 
5) Geocomposites – manufactured material using geotextiles, geogrids, geonets 
and/or geomembranes in laminated or composite form 
6) Geo-others – a broad range of synthetic materials in the form of strands, 
filaments, tubes, pipes and other shapes used in a variety of ways with soil, rock, 
or liquid-related engineering systems.  
 
Typically, design of geosynthetics is either by experience, specification, or function.  
Design by experience is based upon an individuals past involvement on a similar past 
experience of the same nature.  Design by function is the concept of comparing 
laboratory generated results to field projects and studies [Koerner, 1990]. The focus of 
this study is in regards to reinforcement of design by function.  
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 1.2 Geosynthetics of Interest  
 
To better familiarize the reader with geotextiles and geogrids a brief introduction 
is provided for the two geosynthetics used in this study.  These two geosynthetic types 
are subjected to pullout testing in this study with the primary focus on determining the 
effective cohesion and angle of friction for the soil-geosynthetic interface. 
 
1.2.1 Geotextiles  
 
Geotextiles are textiles composed of synthetic fibers and compose the largest 
percentage of all types of geosynthetics. Geotextiles are made by the weaving of 
synthetics, a man-made product unlike cotton, silk and wool.  Some textiles are spun and 
others knit, however; all perform the function of water flow unless impregnated in which 
case the geotextile will act as a moisture barrier.  
1.2.2 Geogrids  
 
Geogrids are used for as many as 25 applications although the primary use of 
geogrids is soil reinforcement such as slope, base, wall, and berm reinforcement.  
Properties such as high strength, low creep, and high modulus promote the use of 
geogrids [GRI 2005 and FNW, 2005].  The initial idea of geogrids was brought about by 
the use of “cold-working.”  This is the idea of placing a material inside another during 
fabrication to improve the properties of the material being created e.g. reinforcement of 
asphalt concrete overlay and rebar placed in concrete to increase strength, pre/post 
tensioned concrete. This practice can be used in numerous circumstances and mediums 
including soil.  Geogrids gather strength resistance in two ways: (1) the skin friction 
between the soil medium and geogrid along the surface of the ribs and (2) shear strength 
of the surrounding soil medium through the use of “apertures.”  Apertures are the 
openings between the longitudinal and transverse ribs.  As the geogrid experiences 
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movement within the soil the apertures apply resistance along the transverse direction.  
The strength of the transverse ribs is important because they transmit loading unto the 
adjacent nodes where transverse and longitudinal ribs are joined.  A simple illustration is 
provided in Figure 1.1.   
 
 
Figure 1.1: Geogrid Composure 
The nodes as well as the fiber construction are of particular importance to the 
geogrid commercial market.  Pullout resistance of a geogrid is due primarily to the soil 
frictional resistance and passive bearing resistance against its traverse members making 
geogrids more rigid than the fibers of geotextiles [Morvant, 2004 and Koerner, 1990]. 
The numerous types of fabrication methods have led to an impressive market for 
geogrids.  Existing geogrids are extruded, woven, welded, and composites.  Extruded 
geogrids are created by the punching of a polymer sheet and drawn to the desired 
aperture size. They are divided into two categories, uni-axial (pre-tensioned in one 
direction) or bi-axial (pre-tensioned in both directions).  Woven geogrids are created by 
the weaving of polymer fabrics that can be coated for abrasive resistance. Welded 
geogrids are created by welding the junctions of woven segments of extruded polymers.  
Composite geogrids are geogrids combined with other products to form the desired 
properties for a particular situation.   
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1.3 Soil – Geosynthetic Interface   
 
The direct shear and pullout test are two primary tests used to evaluate the soil – 
soil and soil-geosynthetic interface properties, respectively.  The direct shear is a 
common test located in most every soils lab while the pullout test is a relatively new test 
not as common to be found in soils labs. This study does not incorporate the use of the 
direct shear device; however, it is mentioned since the results of the direct shear test 
resemble the same types of data obtained by the pullout test.    
 
The direct shear test is a common test being completed in accordance to ASTM 
D3080.  This test is used primarily for determination of soil – soil interface properties.  
The concept of the direct shear test is to allow a single shear failure plane to be created.  
The test box is divided into two sections both containing the soil/properties of interest.   
The upper part of the box is moved laterally while the lower portion is held stationary 
while subjected to normal loading.  The results of this test allow the determination of 
“failure envelope” so that cohesion and angle of failure can be determined.   
 
When a geosynthetic is exerted to a normal force “surcharge,” it experiences 
stress in tension and great deformation.  While this adaptation to stress is occurring, the 
geosynthetic reacts with the surrounding soil resisting strain.  The pullout device is a 
testing device used to model this exact same scenario [Gurung, 2001].  The pullout 
device is used to determine soil – geosynthetic properties [ASTM D6706-01 2006, GG5 
2006, GT6 2006].  The concept of this test is to laterally pull a geosynthetic placed in a 
soil medium creating two failure planes while subjected to a normal load.  The 
orientation of how the clamping mechanism and how the geosynthetic was placed is 
shown in Figure 1.2.   
 5
 Failure Plane 
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Figure 1.2: Clamping Mechanism 
 
As like direct shear tests, pullout tests are repeated numerous times altering the 
normal stress.  Pullout capacity increases as the overburden pressure increases [Lee and 
Bobet, 2005].  There are three components that create pullout resistance of geogrids.  The 
components are: the shear strength along the top and bottom of the transverse ribs and 
longitudinal ribs, and the passive resistance against the front of the transverse ribs.  This 
third effect is created due to the “strike-through” of the soil between apertures. A 
geotextile gathers strength from the passive resistance of the upper and lower soil – 
geosynthetic interface. A pullout test allows a plot to be created of the stress-strain 
relationship.  This stress – strain plot allows the determination of the soil interface 
friction angle and cohesion. 
 
Earlier studies dealing with this research compared the results of direct shear 
testing to pullout test results to investigate the soil-geosynthetic properties using two 
geogrids and one geotextile [Niemiec, 2005].  As a continuation of previous research new 
studies were performed by comparing results of the previous pullout box  (small box) test 
results and a new pullout box (large box) of greater dimensions constructed at the same 
location allowing greater size samples to be tested and compared with the exact same 
testing setup except smaller size samples.  Although these tests are conducted for a 
geotextile and geogrids, both the previous and current tests are geared towards geogrids.  
The current study is unique due to the two testing devices used. This study is the only 
testing scenario that contains two pullout devices that uses the exact same testing 
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procedure except different sizes. These two devices allow an investigation of the 
influence of sample size on test results.  The pullout test is a performance test so many 
variables are allowed to be changed.  In this study variables are kept constant between the 
small and large test devices to investigate the influence of moisture content, soil type and 
sample size on the geosynthetic-soil interface properties.  
 
The “intrinsic merit” of geogrids is brought about by the pullout resistance, 
“anchorage strength” and the pullout resistance far exceeds the results of direct shear 
tests [Koerner, 1990]. The primary factors when studying the results of a pullout test is 
the coefficient of interaction (Ci) and efficiency factor (fds) [Koerner, 1990].  The 
coefficient of interaction allows the pullout test peak interface strength to be compared 
against the soil residual internal shear strength. 
 
)tan)((2 cA
FC
n
i += φσ     Eq. (2.1) 
 
Where:  
F = ultimate pullout load (kN) 
2 = factor for upper and lower soil-geosynthetic contact surfaces 
A = initial material area (m^2) 
σn = normal stress (kPa) 
Ø = residual friction angle of soil medium tested (degrees) 
c = residual cohesion of soil medium tested (kPa) 
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The efficiency factor is a comparison of the soil-soil interface friction angle 
against the soil-geosynthetic interface angle of friction.  
 
ss
sg
dsf φ
φ
tan
tan=      Eq. (2.2) 
 
 
Where:  
Øsg = friction angle of the soil – geosynthetic interface (degrees) 
Øss = soil friction angle (degrees) 
 
1.4 Research Objectives 
 
The primary objectives of this study are given below:  
 
? Conduct a literature review of geosynthetic applications and studies to better 
understand pullout test results. 
 
? Conduct laboratory pullout tests to study the influence of soil type (natural 
sand (SP), silty sand (SM), and clayey sand (SM-SC)), geosynthetic type, 
moisture content (0, 5 and 15%), and sample size on geosynthetic – soil 
interface properties.  
 
? Compare pullout capacity results obtained with two different pullout devices 
allowing testing of different sample sizes under the same testing procedures 
and variables. 
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CHAPTER 2 
SOIL/GEOSYNTHETIC PULLOUT STUDIES - OVERVIEW 
 
2.1 Literature Review  
 
An extensive literature review was conducted for two purposes.  The first intent 
was to further study the pullout resistance of geosynthetics and its influences on the 
geotechnical community. This has been conducted by studying earlier geosynthetic 
pullout tests and articles related to the applications of geosynthetics and geosynthetic 
properties. The second intent was to study previous methods used for pullout testing. The 
focus in the literature review was the use of base reinforcement in transportation 
infrastructure.  
2.2 Previous Pullout Studies  
 
To facilitate the current testing process, a literature review was conducted to 
understand previous tests completed using the pullout test device.   Edge effects and non-
uniform sample size conditions halt the use of the direct shear test for applications of 
determining intrinsic soil constitutive properties [Perkins and Cuelho, 1999].  There are 
numerous other factors that will affect pullout results: moisture content, compaction 
procedures, geosynthetic type and geometry, soil properties and application of normal 
loading [Farrag and Morvant, 2004].   
 
Many of these properties have been studied however; currently little research has 
been conducted investigating the effects of sample size on laboratory test results so 
sample size and moisture content are the primary factors of this study.  The current study 
is the only study that has allowed sole investigation of influence of sample size with two 
pullout devices that use the same testing procedure with identical variables.   
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Previous research focused on the soil-geosynthetic interface with the pullout 
device; however due to non-uniformity and limited testing procedures, it is difficult to 
analyze previous results. Moreover, results are inadequate due to lack of standardization 
of pullout testing procedures.  At the beginning of this study there was no published 
uniform testing procedure for the pullout test.  However, recently in 2006 ASTM has 
provided a testing procedure and pullout device specifications [ASTM D6706-01, 2006].  
 
A previous study was conducted to determine if moisture content affects pullout 
results [Zornberg and Kane, 2006].  It was concluded that the pullout capacity increases 
significantly in backfilled soils equipped with drainage channels [Zornberg and Kane, 
2006]. It has been reported that the pullout characteristics depend on the shape of a 
geogrid even if the surface friction, tensile strength, and stiffness are the same [Izawa et 
al., 2001].   
 
Soil properties have been investigated for their relation to pullout capacity in 
pullout tests.  It has been noticed that soil particle size does make a difference in shear 
resistance values attained by geogrids; however a smaller difference was reported for 
non-woven geogrids [Lopes and Lopes, 1999]. In the present study, soil type was varied 
to investigate the effect of soil type on interface properties. There are several other 
factors that can affect the pullout test results other than those mentioned before. Such 
factors are lateral soil transfer, displacement rate, box friction and the application of 
normal loading.   
 
There are two different types of pullout testing scenarios: load control and 
displacement control.  Load controlled tests are conducted by placing a constant load or 
loading cycles during testing to measure creep characteristics.  In displacement-
controlled tests the geosynthetic material is pulled out at a controlled rate.  The 
displacement-control was the testing scenario used in this study, pulling the geosynthetic 
at a rate of 5 mm/min. Displacement values below 6mm/min do not affect the thermo-
visco-elastoplastic properties of geosynthetics meaning that geosynthetic behavior is not 
affected by temperature and strain rate [Fannin and Raju, 2006].  
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 There are two types of testing under the displacement-controlled method: the 
short term and long term test methods.  The short term test is conducted at a constant rate 
of 1 mm/min.  This displacement rate has been used for several testing scenarios studied 
[Collin and Berg, 1993, Izawa et al., 2005].   The long term test is conducted so that the 
test is allowed to be in its natural state for approximately 1000 hrs and then subjected to a 
constant displacement rate of 1 mm/min.  However, it has been found that there is no 
difference between the results obtained between short term and long term testing.    
 
The effect of lateral transfer of earth pressures is minimized by the use of a front 
sleeve located on the interior at the slit in the front wall of the pullout device.  This is a 
common addition to pullout testing apparatus.  Without the use of a front sleeve the 
vertical stress and maximum pullout force can increase up to 10% [Lopes and Ladeira, 
1997, Perkins and Cuelho, 1999].   To neglect the increase of maximum pullout force a 
sleeve was placed along the upper and lower portions of the front wall.  
  
There have been numerous pullout tests conducted and many different methods 
were used for the applications of normal stress.  The two common methods of normal 
stress application are (a) by the use of a jack or (b) use of rubber air bags.  When using 
the jack the rigid lid is compressed on to the sample creating the normal loading pressure.  
The second method, airbags, the bags are inserted below the rigid boundaries of the 
pullout box and inflated with the desired air pressure to apply the normal stress of interest 
[Izawa et al., 2006, Perkins and Cuelho, 1999, Lee and Bobet, 2005, GG5, 1992, GT6, 
1992,].  In the present study, air bags were used to apply the normal stress. 
2.3 Pullout Test Methods 
 
 There was no adopted standard procedure for conducting the pullout test until 
recently as of 2006 [ASTM D6706-01, 2006].  The non-uniformity of tests makes it 
difficult to compare and analyze results of previous tests.  There have been numerous 
methods and devices used to conduct the pullout tests.  As an example box material 
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construction and normal pressure application are used.  Rigid pullout boxes have been 
constructed of wood and steel. Wooden material has shown that it is insufficient to 
handle pullout loads [Ghosh, 1994]. Other differences include alteration in normal 
pressure application, pullout box size and design, methods of lateral displacement, and 
instrumentation [Ghosh, 1994, Farrag and Moore, 2004, Moore, et al., 2002, GT6, 1992, 
GG5, 1992, , Bobet and Lee, 2005].  The following testing devices and procedures have 
been placed to further illustrate the non-uniform testing procedure used throughout.  The 
Geosynthetic Research Institute (GRI) and the American Society of Testing Materials 
(ASTM) are co-leaders in providing device specifications and procedures for pullout 
testing.  However, the methods used by the two groups are different. Figure 2.1 shows the 
pullout testing schematic for test “GG5” while Figure 2.2 is a schematic for ASTM test 
D6706-01 [“GG5”, 1992, “GT6, 1992, ASTM D6706-01, 2006].   
 
 
 
Figure 2.1:  Schematic for Standard Test Method for geotextile/geogrid 
pullout tests “GG5 and GT6”.   [GRI test G5 1992] 
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Figure 2.2:  Schematic for Standard Test Method for geogrid pullout test “ASTM 
D6706-01” [ASTM D6706-01 2006]. 
 
2.3.1 GRI Testing Equipment/Procedures (“GT6” and “GG5”) 
 
GRI testing procedure GG5 “Geogrid Pullout” and GT6 “Geotextile Pullout” 
specifies that the pullout box contain a rigid top and bottom with overall dimensions of 
75 cm (30 in.) wide by 60 cm (24 in.) high by 120 cm (48 in.) in length at a minimum. In 
all cases, all dimensions of the box must be 20 times the d85 of the soil and longer than 
10 times the machine direction (MD) geogrid aperture size [GG5, 1992].  The soil height 
above and below the geosynthetics shall be no less than 305mm (12 in) at a minimum.  
The pullout box is equipped with sleeves along the center of the front wall extending the 
entire box width.  This split should be adjustable to provide a vertical 2 to 6 mm (1/16 to 
1/4 in.) clearance both above and below the test specimen.  These horizontal sleeves and 
geogrid clamp should provide sufficient stiffness and horizontal distance, minimum 150 
mm (6 in.), such that the normal load from the pullout mechanism is not applied to the 
geogrid or geogrid clamping device. This allows the force applied to the geogrid to be 
transferred directly to the soil while minimizing progressive loading against the front face 
of the pullout box.   Normal pressure is applied upon the upper soil mass only by a rubber 
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air bladder.   Linear displacement is achieved by a hydraulic jack.  This loading system 
incorporates the use of a load cell or proving ring to monitor pullout resistance while 
pulling the test sample laterally at the same level as the front slit.   The external 
connecting device should allow the pulling force to be distributed evenly throughout the 
width of the sample [GG5, 1992, GT6, 1992].  More details can be found in this 
reference. 
 
The testing procedure incorporates the following steps.  Initially a predetermined 
soil weight is used and compacted into the lower portion of the pullout box for desired 
density.  Following the geosynthetic attached to the clamp is fed through the front wall 
and placed over the lower soil mass.  Transducers are placed for displacement 
measurement during the test. The soil mass is covered and subjected to normal loading.  
The geosynthetic is pulled laterally while recording pullout resistance and displacement 
[GG5, 1992, GT6, 1992].    
2.3.2 ASTM Testing Apparatus/Procedures (ASTM D 6706-01) 
  
The ASTM testing procedure specifies a rigid square or rectangular pullout box of 
the following dimensions, 610mm (24 in) in length x 460mm (18 in) in width x 305 mm 
(12 in) in height. According to this procedure, if the sidewall friction is not minimized a 
width of 760 mm (30 in) should be used.  These dimensions are only recommended, 
width dimensions should be 20 times the d85 of the soil and no less than 5 times the 
geosynthetic aperture size.  Soil height above and below the geosynthetic is 6” at a 
minimum.  The pullout box is equipped with tapered sleeves above and below the front 
entrance slit to reduce stress on the front wall at this location.  The sleeve is constructed 
of two angles of no greater thickness than 13mm (0.5 in) and extending into the pullout 
box a minimum of 152mm (6 in).   
 
Normal pressure is provided only on the upper soil portion by use of an air bag to 
provide a uniform stress distribution.   The pullout force is applied laterally at a constant 
displacement rate (1mm/min +/- 10%).  This device is equipped with a load cell or 
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proving ring to monitor the force achieved during displacement.  Geosynthetic 
displacement is measured by a transducer attached to the geosynthetic. ASTM 
recommends that regardless of the configuration of the clamping apparatus, the 
geosynthetic remains stationary within the clamp and does not interfere with the shear 
surface [ASTM D6706-01, 2006].   
 
Testing procedure incorporates the following steps.  Initially a predetermined soil 
weight is used and compacted into the lower portion of the pullout box to the desired 
density.  The geosynthetic is attached to the clamp and fed through the front wall and 
placed over the lower soil mass.  Transducers are used for displacement measurement 
during the test. The tested sample is covered by the upper soil mass at the desired density.  
The soil mass is covered and subjected to normal loading.  The geosynthetic is pulled 
laterally while recording pullout resistance and displacement [ASTM D6706-01, 2006].   
 
2.3.3 ASTM/GRI/Current Testing Differences 
 
As mentioned these two previous testing organizations are the leading producers 
of standards and testing procedures for geosynthetics.  Differences between the two 
testing procedures are present although both pullout tests are relative.  Pullout box 
dimensions are different in height altering the height of soil placed over and below the 
geosynthetic. The area of the geosynthetic sample is different. This has a direct influence 
of normal pressure applied to the soil – geosynthetic interface.  In the current study, the 
height of the soil sample was 6 inches having 3 inches above and below the soil-
geosynthetic interface.  This height is different from both guidelines. Moreover, in the 
present study the normal pressure was applied to both the upper and lower soil-
geosynthetic interfaces.  The clamp type and pullout mechanism are different from the 
guidelines provided by GRI and ASTM.  The testing device is discussed in greater detail 
in the next chapter. 
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 This study was conducted beginning in 2005, time before ASTM published the 
first revision of D6706-01 [ASTM D6706-01, 2006].  The timing shows the importance 
of this study with two pullout devices that use the same methodology.  Prior to 2006, 
there were standard test procedures; only guidelines were available. 
2.4 Applications to Transportation 
 
Geosynthetics have proven to be of great significance to the transportation 
industry. Geosynthetics are utilized in numerous aspects of earth structures and 
pavements.  Geosynthetics can be used in the following areas [Beranek, 2003, Som and 
Sahu, 1998]: 
 
• Stability and drainage 
• Separate layers 
• Improve strength in the elasto-plastic range 
• Delayed appearance of reflective cracking 
• Reinforce bridge abutments/retaining structures 
• Serve as a construction aide over soft subgrades 
• improve and extend the projected service life 
• reduce the structural cross section   
 
Reinforced soil structures have been studied under static loading conditions and 
are relatively well established. However, little is known of the behavior of embedded 
geosynthetics subjected to repeated loadings.  Repeated loading studies are applicable to 
such areas as high seismic activity and traffic loadings [Min et al., 2006, Beranek, 2003].  
 
Research on the use of geogrids in the reinforcement of the base course of paved 
roadways has been reported (Haas et al., 1987).  In this study pullout tests were not 
conducted but instead a large test track was utilized.  A normal load of 10 kN was placed 
sinusoidally representing repetitive loadings the roadway is subjected to.  Both weak 
(saturated) and strong (dry) layers were tested. It was concluded that the non-reinforced 
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sections failed prior to reinforced sections [Haas et al., 1987]. When subjected to 
repetitive loading cycles a 150 mm reinforced base course allowed 46,000 more cycles 
before failure occurred as opposed to a 200 mm non-reinforced base course. It was 
concluded that base reinforcement resulted in savings of 50 to 100 mm of non-reinforced 
asphalt.    The addition of geosynthetics placed in the base course increased the life of the 
base course.  
 
The life of a renewed bituminous asphalt roadway can be increased with the 
reduction of reflective cracking.  Reflective cracks are cracks formed in the same location 
above pre-existing cracks.  Geosynthetics are adhered to the surface of the existing 
roadway being re-topped by means of an adhesive or sealant. The geosynthetic is then 
topped over with a new layer of asphalt reducing the effects of reflective cracking and 
increasing the life of the roadway [McCarthy, 2002].   Open areas such as cracks provide 
direct access for moisture induction into the substrata.  Saturated subgrades reduce the 
bearing capacity of a roadway [Wilson, 2006, Richardson and Christopher, 1997].  The 
American Association of State and Highway Transportation Officials (AASHTO) states 
that added moisture in an unbound aggregate base and subbase is expected to result 
stiffness loss on the order of 50% or more and saturated fine-grain roadbed soil could 
experience modulus reductions of over 50% [Narejo, et al., 2005].  Geotextiles provide a 
layer for water to collect and escape from the subsurface before significant reduction of 
bearing capacity occurs.  Geotextiles not only provide an area for water to collect, but 
also reduce thermally induced cracking and incorporate stress relief capacity. 
The Louisiana Department of Transportation has conducted pullout evaluations of 
geogrids in cohesive soils both in a laboratory and field environment [Farrag and 
Morvant, 2004].  The objectives of these tests were to evaluate design factors and 
compare pullout capacities of both geotextiles and geogrids in silty-clay soils under field 
and laboratory conditions. Tests were conducted on soils compacted at the optimum 
moisture content.  The field studies consisted of placing both weak and strong synthetics 
covering a wide modulus range for the reinforcement layers behind a reinforcing wall.  
This study indicated that the specimen length did not have an effect early in the pullout 
process as the specimen had not developed shear strength in the early stages (Farrag and 
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Morvant, 2004].  The results also have shown that the pullout capacity in the field 
environment was higher than laboratory values.  The consolidation in the field 
environment may have induced different stress levels. Synthetics used in a field 
environment may have defects as opposed to laboratory lot samples [Farrag and Morvant 
2004].  
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CHAPTER 3  
INSTRUMENTATION AND METHODOLOGY 
 
3.1 Pullout Test Overview 
  
 All tests were conducted utilizing a pullout test apparatus designed and built at 
West Virginia University.  In a typical pullout test, a geosynthetic layer was placed 
within the soil contained in a rigid box and pulled laterally as shown in Figure 3.1 and 
Figure 3.2.    
 
 
 
 
Figure 3.1: Large pullout device. 
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Figure 3.2: Schematic diagram of the pullout box. 
 
The upper and lower portions of the box were filled with the desired soil with a 
moisture content of interest.  Normal pressure was applied upon both the upper and lower 
portions.  Applying a normal pressure on both faces simulates a realistic scenario. Then 
the geosynthetic layer was pulled out of the box and the shear stress – strain relationship 
was recorded. The following sections emphasize the pullout equipment, setup, procedure, 
and conditions for this study.   
 
3.2 Pullout Test Conditions 
 
 All tests were conducted in a controlled environment.  The use of a controlled 
environment added repeatability of test results with minimum amount of replication.  
Controlled temperatures averaging in the lower 80’s and low relative humidity prevented 
moisture induction within the tested synthetics and tested soils. Geosynthetics were 
stored in plastic sheeting covers also preventing the induction of moisture.  Laboratory 
testing conditions were constant unlike field conditions which are subject to change. 
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3.3 Geosynthetic Selection 
 
For continuity in the research program, the geosynthetic materials used in this 
study are the same as what was used in a previous research study.  The geosynthetic 
materials used are WG 120 “Atlas” (material A), KG 30 “Thor” (Material B) and Amoco 
4510 (material C).  Material A is a uniaxially woven high strength geogrid with a 
Young’s Modulus of 188 ksi and density of 39.98 pcf.  Material thickness is 0.025 in 
(0.064 cm).  Material B is a uniaxially knitted high strength geogrid with a Young’s 
Modulus of 41.44 ksi and density of 15.77 pcf.  The thickness of this material is 0.041 in 
(0.1 cm).  Both materials A and B fibers are constructed of multifilament polyester yarns.  
Material C is a non-woven, needle-punched polypropylene geotextile.  The Young’s 
modulus for material C is 670 psi with a density of 15.08 pcf.  The thickness is 0.051 in 
(0.13 cm).  Specifications of these materials are shown in Table 3.1. 
 
Table 3.1: Geosynthetic specifications 
Geosynthetic 
Material 
Tensile 
Strength  
(kN/m) 
Grid Aperture 
Size, MD (mm) 
Grid 
Aperture 
Size XMD 
(mm) 
Mass/Unit Area 
(g/m2 ) 
A 120 65 20 415 
B 35 40 25 170 
C 0.36 N/A N/A 310* 
* computed in Laboratory 
 
3.4 Soil Selection 
 
 The materials chosen were predetermined and consist of the following soil types: 
(1) natural sand, (2) silty sand and (3) clayey soil. The sand used was natural (Ohio river) 
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sand with a non-compacted density of 1.53 g/ml.  Figure 3.3 shows the grain size 
distribution for the sand. 
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Figure 3.3: Grain size distribution of natural sand. 
 
There are two systems for classification of soil, namely USCS and AASHTO [Das, 
2002]. The coefficient of uniformity was determined to be 1.83 and coefficient of 
curvature was 1.09 indicating poorly-graded sand, SP, according to the USCS. 
 
The second soil was classified as a “silty-sand”, A-2-4 according to AASHTO 
and SM-SC by the USCS [Niemiec 2005].  Silt was comprised of 15% clay (Kaolinite) 
and 85% sand.  The plasticity index for silt was 7.35. Figure 3.4 shows the Atterburg 
limits for the silty sand. 
 
The third soil was comprised of 35% clay and 65% sand.  All percentages are 
based upon dry weight.  This soil mixture is classified as A-4, silty soil by AASHTO and 
SC clayey sand by the USCS.  The plasticity index for the clayey sand was determined as 
11.59. Figure 3.5 shows the Atterburg limits for the clayey sand. 
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Figure 3.4: Atterburg limits for silty sand. 
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Liquid Limit for 35% Clay 
y = -3.1107Ln(x) + 30.296
R2 = 0.9116
18
19
19
20
20
21
21
22
10 100
Drops
W
at
er
 C
on
te
nt
 
Figure 3.5: Atterburg limits for clayey sand. 
 
 The above soils – geosynthetic interfaces were tested by using different samples 
and three states of moisture content to determine if sample size and moisture content 
affect the pullout force.  The moisture contents were selected as 0%, 10%, and 15% for 
each soil type excluding natural sand.  Natural sand is considered a soil with zero 
cohesion. Therefore, sand was tested only in a dry state.    
 
3.5 Moisture Content  
 
  Numerous methods were attempted to obtain acceptable moisture contents for 
pullout box B.  The first attempt to prepare the desired moisture content was with the use 
of a percussion drill attached with a paint mixer bit.  Several buckets were filled with a 
known volume of soil and correct measured volume of water.  This method proved 
unsuccessful.  The percussion drill did not posses the power to shear the soil with such 
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low moisture content.  The second method chosen for soil moisture preparation utilized a 
concrete batch mixer. There were two problems associated with the concrete batch mixer: 
  
• The circular rotating pattern was not sufficient to allow adequate mixing 
 
• Moisture added was not evenly distributed as the drum rotated resulting in uneven 
moisture contents in the soil sample.  
 
Mixing was the desired method to obtain even moisture content.  A 20 and 5 quart 
mixers were used to obtain even moisture content.   A problem encountered during moist 
sample preparation was the stalling of the mixer motor; when mixing, soil and water must 
be applied together at a controlled rate to deny a relatively large soil volume from 
becoming a heavy paste.  Soil and water were added together at controlled rates to avoid 
burden on the mixer motor and for stress relief on the beater shaft.  After each 20 qt bowl 
was mixed to the designed moisture content the soil was placed in the pullout box.  For 
quality control a sample was taken from each mixing bowl and checked for the correct 
moisture content. After each repetition the soil in the pullout box was covered with 
plastic sheathing to prevent moisture from escaping by evaporation while the remainder 
of the soil was prepared.  Experimental parameters for the test program are shown in 
Table 3.2.  
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Table 3.2: Experimental parameters for pullout testing 
 
Geosynthetic A B C 
Soil Sand Sand Silt Clay Sand Silt Clay 
wc (%) 0 0 0 10 15 0 10 15 0 0 10 15 0 10 15
σn (psi) 5 10 15 5 10 15 5 10 15 5 10 15 5 10 15 5 10 15 5 10 15
 
3.6 Pullout Testing Equipment 
 
Pullout testing was conducted with two pullout boxes “A” and “B” with box 
dimensions of 6” x 12” x 18” (15.2cm x 30.5 cm x 45.7 cm) and 6” x 18” x 48” (15.2 cm 
x 45.72 cm 121.92 cm), respectively.  The smaller pullout box is the same pullout device 
used in previous geosynthetic interface research [Niemiec 2005] while the second pullout 
box has been constructed to have the identical configuration and procedure as pullout box 
A.  High strength bolts were used as the fasteners for the lid.   In earlier studies box A 
was pressurized to 70 psi, a pressure of 4.6 times the pressure attained during testing and 
pullout box B should be able to handle a pressure of 13.3 times the maximum pressure 
used during testing [Niemiec 2005].  
 
Air bags constructed for each device “A” and “B” were constructed of 1/16” 
neoprene sheets. The adhesive used to bind the airbag seams together was 3M Scotchgrip 
1357 contact adhesive.  The airbags were arranged so that they were able to withstand the 
required pressure in an air pocket; the maximum air pressure used in testing was 15 psi, 
which is below the capacity of the bag.  Numerous airbags were constructed and 
routinely changed during testing to reduce the amount of fatigue present on the airbags.  
Air bags loose ductility along the seams after some time causing air leaks.  The 
dimensions of the airbags are shown in Figure 3.5 and Figure 3.6.  
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Figure 3.6: Dimensions of the airbag for pullout box A. 
 
 
Air Valve
Figure 3.7: Dimensions of the airbag for pullout box B. 
 
The interface between the air bag and the soil was lined with a flexible plastic sheet.  
This plastic sheathing serves two purposes: 
? Remove the friction between the airbags and soil sample 
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? Create an even overburden pressure distribution  
During earlier tests, it was noticed that the air bags had shifted forward due to 
friction between the soil - airbag interface.  This forward movement created an uneven air 
pressure distribution.  This was noted by the topography of the soil.  The soil in the rear 
portion of the box was lower than the front portion.  The plastic sheet that was placed at 
the soil-air bag interface eliminated this problem. 
 
The pullout box was enclosed with a ¼” steel lid.  For additional stiffness of the 
box, angle pieces were welded onto the sides of the box.  Angle members were welded 
onto the top and bottom steel plates to provide stiffness to minimize deformation.  It was 
been concluded that ½” thick steel angle stiffeners were sufficient [Neimiec 2005]. Box 
A has two stiffeners and Box B has four stiffeners.  Figure 3.8 shows stiffener 
dimensions. 
 
Figure 3.8: Dimensions of angle stiffener. 
 
A guide system was incorporated on both pullout boxes to deny the clamp from 
rotating during test setup and testing.  The guide system consisted of two angles and 3/8” 
steel rods.  The rods were positioned so that the clamp will protrude along the rods 
adding stability.  Friction may lead to erroneous results during testing.  Before testing 
rods were greased using high temperature wheel bearing grease to minimize friction. The 
guide system is shown in Figure 3.9. 
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Figure 3.9: Guide system (pullout device “B”). 
 
Details of the two pullout boxes are given below. 
3.7 Pullout Box A 
 
 Details of the test procedures and the pullout device A (small box) are given in 
the following four sub-sections. 
 
3.7.1 Testing Setup for Pullout Device “A” 
 
For pullout box A, the smaller box, clamp displacement was achieved manually 
with the turning of a hand wheel.  The hand wheel is attached to a worm screw that 
causes movement of the clamp.  The clamp is composed of three separate pieces, two 
angles and a flat plate secured by three high strength bolts. The dimensions of flat plate 
are 1.5” x 18” x ¼”.  The elbow pieces are also ¼” in thickness measuring 18” in length 
and 1.5” in width (side dimensions).  
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3.7.2 Instrumentation  
 
Recording of data was conducted with the use of several instruments. Linear 
displacement of the clamp was recorded with an LVDT.  The displacement readout unit 
was a Trans-Tek model 1003.  The force application was recorded using a load cell and 
readout displayed in terms of voltage (mV) on a Fluke 179 multimeter. Load cell 
readings were taken every 30 seconds which relates to a change in displacement of 0.1 
inches.  The readout was then converted to a force by using calibration data.  Force 
calibration was achieved by applying a known load (free weights) to the load cell prior to 
permanent fixation to the pullout device and recording the voltage readout.  A graph was 
generated to convert the voltage reading to weight.  A linear trend line was added along 
with the line equation for the relationship between voltage readout and force.  The linear 
relationships can be seen in Figure 3.10.   
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Figure 3.10: Correlation of voltage to force (box A). 
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 3.7.3 Soil/Geosynthetic Placement  
 
 Soil was placed in four layers approximately 1.5” high.   Upon the application of 
layers the soil was compacted and leveled.  Compaction was achieved by using manual 
methods.  After placement of the first two layers, the synthetic was attached to the clamp 
which was fastened to the jack. Then, the geosynthetic was fed through the front slit in 
the front face as shown in Figure 3.11.  
 
 
Figure 3.11: Schematic of Geosynthetic Clamp. 
 
The synthetic was pulled until firm while still reading -0.2 mV on the voltage 
display.  The excess synthetic was marked and cut so that it may be placed within the 
box.  Next the distance between the rear wall and the synthetic was measured and 
recorded. A weight was placed on the geosynthetic initially while placing the next layer 
of soil to prevent any alteration of the measured distance between the wall and synthetic.  
The final soil players were placed in a manner similar to the first layers.  The box was 
closed and the airbag pressure was increased to the desired value. 
 
3.7.4 Pullout Testing Procedure 
 
The geosynthetic was pulled out at a rate of 5 mm/min resulting in two complete 
rotations of the hand wheel every 30 seconds.  The force was manually recorded every 
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0.1” for a total length of a 2” displacement resulting in the recording of 10 readings.   
Each test was run two times for repeatability.  For every test a new sample was used to 
prevent the incorporation of fatigue which may alter results. Steps for conducting a test 
are given below.  
  
Test steps: 
 
1.  Ensure box is clean prior to testing to mitigate the mixing of soil types 
 
2.  Place a small airbag (12” x 18”) in the bottom of the pullout box to apply a 
normal force, ensuring that the airbag is empty of air so that the air bag will lie 
flush on the bottom surface. 
 
3.  Place the first plastic sheathing over the air bag.  This plastic sheathing 
reduces the friction between the air bag and soil interface. 
 
4.  Measure the weight of soil to be placed and fill to within 1/8”from the half-
way (3”) mark on the box.  This distance will ensure the fabric will get pulled 
through the center of the slit opening on the front face. 
 
5. Attach the geosynthetic to the pullout clamp 
 
a. Cut the geosynthetic in 9” wide by 24” length pieces. The added 
length will not affect the test since the synthetic must be cut again 
prior to testing. 
b. Lay the synthetic out so that it lies perpendicular to the clamp. 
c. Place the flat plate half the distance in width on the synthetic and 
wrap the synthetic around for approximately one and a half wraps.  
(This wrapping is sufficient to prevent the segregation of the synthetic 
and clamp during testing.) 
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d. Encase the flat piece with the angles and bolt them together providing 
a firm place free of movement for the synthetic. 
 
6.  Clean and apply grease to the guide runners on both sides to reduce friction 
 
7.  Attach the clamp to the pullout machine and feed the synthetic through the 
opening slit on the front of the box 
 
8.  Position the worm gear screw jack so that “0.0000” is read on the LVDT 
readout.   
 
9.  Place the synthetic flush on top of the soil and cut the synthetic as large as 
possible to fit the box. Measure and record the distance (mm) from the rear wall 
to the edge of the geosynthetic (for geotextiles, measure both ends and the 
midpoint while every strand is measured for the geogrids) 
 
10.  Place the top soil layer filling the rest of the box to within ½”from the top 
surface.  Level and manually compact the soil layer every 1.5” to maintain 
quality control of the test soil.  
 
11.  Place the plastic sheathing over the soil mass to mitigate friction between the 
soil and airbag. 
 
12.  Place the second small airbag (12” x 18”) to apply the desired normal force. 
 
13.  Place the top plate and stiffeners (2 ½”thick angle irons) bolting them down. 
 
14.   Attach the air nozzles to the air bag stems and apply the desired normal 
pressure. 
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15.  Simultaneously start the timer and rotation of the hand wheel.  The test will    
run for approximately 10 minutes recording the voltage every 0.1” up to a 2” 
displacement.    
 
16.  Once testing is complete turn off the air supply.  Ensure the regulators are 
turned so that all air is removed from the lines prior to closing the air lines.  The 
entrapment of air may damage the airlines and regulators mitigating precise 
calibration. 
 
3.8 Pullout Device “B” 
 
Details of the test procedures and the pullout device B (large box) are given in the 
following four sub-sections. 
 
3.8.1 Pullout Testing Setup  
 
The setup for pullout device B is similar to that of pullout device A.  Differences 
between the devices are the size, force readout unit, and the mechanism for movement of 
the clamp.  The clamp is composed of three separate pieces, two angles and a flat plate 
secured by three high strength bolts. The dimensions for the clamp for pullout box B are 
as follows. The center strip is ¼” x 3” x 24”.  The elbow pieces are ¼” x 3” x 24”.  An 
LVDT and hand wheel was not used in the apparatus.  Replacing the LVDT and the hand 
wheel was a variable speed electric gear motor. To measure the pull out load, “S” type 
load cell was used.  The motor rate was set to a speed of 5.00 on the digital display 
creating a pull of 5mm/min.  The total length of clamp displacement was larger allowing 
the clamp to move 5” laterally along the rails.  Readings were taken every 30 seconds at 
0.1” intervals leading to 50 recordings.  The total length time of a pullout test was 25 
minutes or until geosynthetic failure occurred by tearing upon which testing was halted.  
Geosynthetic tearing created an uneven force distribution along the clamp which may 
bend the worm screw jack or rod adjoined to the clamp.   The force was recorded using a 
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load cell which was connected to a voltage meter.  The calibration curve was created 
using a linear trend line equation in the same manner as the calibration of pullout box A.  
The calibration curve for pullout box B is shown in Figure 3.12.    
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Figure 3.12: Calibration of voltage to force (box B). 
3.8.2 Soil/Geosynthetic Placement 
 
The soil was placed in approximately 1.5” thick layers. Each layer was manually 
leveled and compacted.  After the placement of the second soil layer the geosynthetic 
attached to the clamp was fed through the slit in the font wall.  The synthetic was pulled 
firmly until the voltage reading was 0.0 on the readout display.  The excess material was 
cut and the distance between the rear wall and the geosynthetic was measured and 
recorded.  A weight was applied to the synthetic initially during placement of the third 
soil layer to maintain the measured distance.  The remaining soil layers were placed in a 
manner similar to the first layers. The box was closed and airbag pressure was increased 
to the desired value. Steps for conducting a test are given below. 
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3.8.2 Pullout Testing Procedure 
 
1.  Ensure box is clean prior to testing to mitigate the mixing of soil types 
 
2.  Place a large airbag (18” x 48”) in the bottom of the pullout box to apply a 
normal force, ensuring that the airbag is empty of air so that the bag will lie flush 
on the bottom surface. 
 
3.  Place plastic sheathing to reduce friction between the soil mass and air bag. 
 
4.  Measure the weight of soil to be placed and fill to within 1/8”from the half- 
way( 4”) mark on the box.  This distance will ensure the fabric will get pulled 
through the center of the slit opening on the front face. 
 
5.  Attach the geosynthetic to the pullout clamp 
a. Cut the geosynthetic in 15” wide by 48” length pieces. The added 
length will not affect the test since the synthetic must be cut again 
prior to testing. 
b. Lay the synthetic out so that it lies perpendicular to the clamp. 
c. Place the flat plate half the distance in width on the synthetic and 
wrap the synthetic around for approximately one and a half wraps.  
(This wrapping is sufficient to prevent the segregation of the synthetic 
and clamp during testing.) 
d. Encase the flat piece with the angles and bolt them together providing 
a firm place free of movement for the synthetic. 
 
6.  Clean and apply grease to the guide runners on both sides to reduce friction 
 
7.  Attach the clamp to the pullout machine and feed the synthetic through the 
opening slit on the front of the box 
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8.  Move the clamp forward until zero free length is present, i.e. no distance 
between the clamp and box face and the voltage meter reads “0.0” on the display 
 
9. Ensure the geosynthetic is placed flush on top the soil and cut the synthetics 
large as possible to fit the box leaving a small distance between to the synthetic 
and rear wall of the box) 
 
10.  Measure the distance (mm) from the rear wall to the geosynthetic edge (for 
geotextiles a measure both ends and the midpoint) 
 
11. Place the top soil layer filling the rest of the box to within ½” from the top 
surface. 
 
12.   Place the second plastic sheathing to reduce friction between the soil mass 
and air bag. 
 
13.  Place the second large airbag (18” x 48”) to apply the desired normal force. 
 
14.  Place a small bolt in the center hole on the face of the box closest to the 
clamp.  Tape is used to hold the bolt in place until a nut was installed.  Once the 
top plate is installed, there is no room to place this bolt. 
 
15.  Install the top plates and stiffeners, (4 ½” angle irons). 
 
  16.  Bolt the top plates and stiffeners down. 
 
17.  Attach the air nozzles to the air bag stems and apply the desired normal 
pressure. 
 
18.  Set the motor revolution rate to 5.00; this rate will allow 0.1 inches of pullout 
per 30 sec. 
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 19. Simultaneously start the timer and motor, recording the readings every thirty 
seconds for a period of 25 minutes or until fabric failure, whichever comes first.  
Once testing is complete turn off the air supply.  Ensure the regulators are turned 
so that all air is removed from the lines prior to closing the air lines.  The 
entrapment of air may damage the airlines and regulators mitigating precise 
calibration. 
 
3.9 Density of Sample in the Pullout Box  
 
The density of soil for each test was found by dividing the mass of the soil used 
by the volume of soil.  By weighing a container of soil before testing and then weighing 
the same container after the soil has been placed and subtracting the two numbers, the 
weight of the soil used was found.  The volume of the two airbags must be found in order 
to know the density of soil used.  This was done by first filling the pullout box, while 
empty, with un-compacted soil and measuring the mass of that soil (ms1).  Knowing the 
volume of the box (V1) this density was found (γ1).  Then a deflated airbag was placed in 
the bottom of the pullout box and un-compacted soil was again filled to the top of the box 
and the mass was measured (ms2).  To find the volume of this soil (Vs2) the mass (ms2) 
was divided by γ1.  The difference in the two volumes (Vs1-Vs2) resulted in the volume of 
the airbag.  These calculations are shown in Table 3.2 and Table 3.3 for Pullout devices 
A and B, respectively.  By using this volume and the mass of the soil within the box, the 
density of soil used in each test was calculated. The densities of all tests and differences 
are shown in Table 3.3.  Also shown on this table is the percentage of optimum density.  
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Table 3.3:  Volume of one airbag used in pullout test (pullout device A) 
 
  VOLUME OF AIRBAG (device A) 
Mass of Soil (kg), 
ms1
 = 32.535 
Volume of Soil 
(m3), Vs1
 = 0.0212 
w
/o
 A
irb
ag
 
Density (kg/m3), 
γ1  = 1531.95 
Mass of Soil (kg), 
ms2
 = 30.518 
w
/ A
irb
ag
 
Volume of Soil 
(m3), Vs2
 = ms2/γ1 = 0.0199 
 
Volume of Airbag 
(m3) 
 = Vs1-Vs2 = 0.0013 
 
 
Table 3.4:  Volume of one airbag used in pullout test (pullout device B) 
 
  VOLUME OF AIRBAG (device B) 
Mass of Soil (kg), 
ms1
 = 112.44 
Volume of Soil 
(m3), Vs1
 = 0.0849 
w
/o
 A
irb
ag
 
Density (kg/m3), 
g 
 = 1324.38 
Mass of Soil (kg), 
ms2
 = 110.86 
w
/ A
irb
ag
 
Volume of Soil 
(m3), Vs2
 = ms2/g = 0.073 
 
Volume of Airbag 
(m3) 
 = Vs1-Vs2 = 0.012 
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The optimum density was found in accordance to ASTM D 698 and D 15571. 
Standard proctor tests were conducted on the “silty sand” and “clayey sand” to determine 
the percentage densities relate to the optimum density.  Results from standard proctor 
tests are shown in Figure 3.13 and Figure 3.14.  The insitu density of the soil was not the 
same when tested on the small and large pullout devices.  The insitu densities of tested 
samples are shown in Tables 3.5, 3.6, and 3.7.   
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Figure 3.13: Standard proctor test for silty sand. 
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Standard Proctor Test (Clayey Soil)
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Figure 3.14: Standard proctor test for clayey sand.
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Table 3.5: Sample densities for natural sand during pullout tests 
Geosynthetic 
Normal 
Pressure 
Moisture 
Content 
AVG (small 
pullout device) 
AVG (LARGE 
pullout device) 
Difference 
(kg/m^3) 
Difference 
(pcf) 
% 
Optimum 
Density 
(small) 
% 
Optimum 
Density 
(LARGE) 
Difference 
(Optimum 
Density) 
      
Mass 
of 
Soil 
Used 
(kg) 
Density 
(kg/m3)
Mass 
of Soil 
Used 
(kg) 
Density 
(kg/m3)           
A 5 0 29.82 1641.17 109.96 1412.15 229.01 14.30 102.35 88.07 14.28 
  10 0 29.72 1635.77 90.12 1157.31 478.47     29.87 102.02 72.18 29.84
 15 0 29.55 1626.47 108.21 1389.60 236.87 14.79 101.44 86.66 14.77 
                       
B 5 0 29.81 1640.59 112.58 1445.78 194.81 12.16 102.32 90.17 12.15 
  10 0 29.56 1627.11 109.20 1402.38 224.73     14.03 101.48 87.46 14.02
 15 0 29.74 1636.52 102.60 1317.52 319.00 19.91 102.06 82.17 19.89 
                       
C 5 0 27.71 1525.26 92.33 1185.69 339.57 21.20 95.12 73.95 21.18 
  10 0 26.73 1470.96 98.26 1261.78 209.18     13.06 91.74 78.69 13.05
  15 0 27.39 1507.43         94.01   94.01 
 
Note: Optimum Density (Natural Sand) --> 100.1 pcf 
Table 3.5: Sample densities for silty sand during pullout tests 
 
Geosynthetic 
Normal 
Pressure 
Moisture 
Content 
AVG (small 
pullout device) 
AVG (LARGE 
pullout device) 
Difference 
(kg/m^3) 
Difference 
(pcf) 
% 
Optimum 
Density 
(small) 
% 
Optimum 
Density 
(LARGE) 
Difference 
(Optimum 
Density) 
      
Mass 
of 
Soil 
Used 
(kg) 
Density 
(kg/m3)
Mass 
of Soil 
Used 
(kg) 
Density 
(kg/m3)           
A 5 0 26.02 1431.98 81.18 1042.54 389.43 24.31 77.00 56.06 20.94 
  10 0 26.14 1438.77 100.20 1286.74 152.03     9.49 77.36 69.19 8.17
 15 0 27.44 1510.37 104.21 1338.30 172.07 10.74 81.21 71.96 9.25 
               0.00       
 5 10 26.70 1469.57 106.66 1369.71 99.86 6.23 79.02 73.65 5.37 
  10 10 27.96 1538.69 111.34 1429.87 108.82     6.79 82.74 76.89 5.85
 15 10 28.09 1545.71 105.06 1349.21 196.50 12.27 83.11 72.55 10.57 
               0.00       
 5 15 30.58 1682.88 105.28 1352.02 330.87 20.66 90.49 72.70 17.79 
  10 15 30.49 1678.15 99.81 1281.72 396.43     24.75 90.24 68.92 21.32
 15 15 30.35 1670.06 102.44 1315.53 354.53 22.13 89.80 70.74 19.06 
            0.00     
B 5 0 26.37 1451.35 78.08 1002.74 448.61 28.01 78.04 53.92 24.12 
  10 0 27.17 1495.13 78.04 1002.20 492.93     30.77 80.39 53.89 26.51
 15 0 25.32 1393.37 99.68 1280.08 113.29 7.07 74.92 68.83 6.09 
               0.00       
 5 10 28.98 1595.02 103.25 1325.93 269.09 16.80 85.77 71.30 14.47 
  10 10 27.58 1518.05 91.37 1173.40 344.65     21.52 81.63 63.09 18.53
 15 10 28.23 1553.80 100.82 1294.73 259.07 16.17 83.55 69.62 13.93 
               0.00       
 5 15 31.00 1706.03 106.66 1369.73 336.29 20.99 91.73 73.65 18.08 
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  10 15 30.16 1659.96 103.64 1330.93 329.03     20.54 89.26 71.57 17.69
 15 15 30.36 1670.61 99.70 1280.40 390.21 24.36 89.83 68.85 20.98 
            0.00     
C 5 0 24.20 1331.76 99.79 1281.43 50.33 3.14 71.61 68.90 2.71 
  10 0 23.92 1316.40 99.79 1281.43 34.97     2.18 70.78 68.90 1.88
 15 0 25.19 1386.08 99.79 1281.43 104.65 6.53 74.53 68.90 5.63 
               0.00       
 5 10 13.51 743.29 102.45 1315.61 -572.32 -35.73 39.97 70.74 -30.77 
  10 10 27.94 1537.53 101.88 1308.27 229.26     14.31 82.67 70.35 12.33
 15 10 27.97 1539.21 98.10 1259.85 279.36 17.44 82.76 67.74 15.02 
              0.00       
 5 15 28.79 1584.56     1584.56 98.92 85.20     
  10 15 30.92 1701.87     1701.87 106.24 91.51     
  15 15 30.26 1665.11     1665.11 103.95 89.53     
 
Note: Optimum Density (Silty Sand) --> 116.1 pcf 
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Table 3.6: Sample densities for clayey sand during pullout tests 
 
Geosynthetic 
Normal 
Pressure 
Moisture 
Content 
AVG (small 
pullout device) 
AVG (LARGE 
pullout device) 
Difference 
(kg/m^3) 
Difference 
(pcf) 
% 
Optimum 
Density 
(small) 
% 
Optimum 
Density 
(LARGE) 
Difference 
(Optimum 
Density) 
      
Mass 
of 
Soil 
Used 
(kg) 
Density 
(kg/m3)
Mass 
of Soil 
Used 
(kg) 
Density 
(kg/m3)           
A 5 0 20.78 1143.64 82.44 1058.63 85.01 5.31 59.25 54.84 4.40 
  10 0 21.55 1186.02 81.70 1049.21 136.81     8.54 61.44 54.36 7.09
 15 0 21.78 1198.49 81.70 1049.21 149.28 9.32 62.09 54.36 7.73 
                       
 5 10 24.06 1324.05 90.40 1160.90 163.15 10.18 68.60 60.14 8.45 
  10 10     45.31 581.84     -581.84 -36.32   30.14 -30.14
 15 10     90.37 1160.46 -1160.46 -72.45   60.12 -60.12 
                       
 5 15 30.91 1701.38 49.45 635.08 1066.29 66.57 88.14 32.90 55.24 
  10 15                   
 15 15                   
                 
B 5 0 19.18 1055.48 101.06 1297.83 -242.35 -15.13 54.68 67.24 -12.56 
  10 0 19.75 1086.74 101.00 1297.03 -210.30     -13.13 56.30 67.20 -10.89
 15 0 20.12 1107.51 90.81 1166.12 -58.60 -3.66 57.38 60.41 -3.04 
                       
 5 10 23.08 1270.12 91.31 1172.54 97.58 6.09 65.80 60.75 5.06 
  10 10 23.55 1296.09 86.63 1112.52 183.57     11.46 67.15 57.64 9.51
 15 10 22.88 1258.97 86.58 1111.83 147.14 9.19 65.22 57.60 7.62 
                       
 5 15 25.78 1418.60     1418.60 88.56 73.49   73.49 
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  10 15 28.47 1567.06     1567.06 97.83 81.19   81.19 
 15 15 14.74 811.45     811.45 50.66 42.04   42.04 
                 
C 5 0 27.88 1534.15 90.43 1161.31 372.84 23.28 79.48 60.16 19.32 
  10 0 27.40 1507.84 86.37 1109.16 398.69     24.89 78.12 57.46 20.65
 15 0 25.47 1401.95 87.19 1119.71 282.25 17.62 72.63 58.01 14.62 
                       
 5 10 22.83 1256.47     1256.47 78.44 65.09   65.09 
  10 10                   
 15 10                   
                       
 5 15 24.52 1349.20     1349.20 84.23 69.90   69.90 
  10 15                   
  15 15                   
 
Note: Optimum Density (clayey Sand) --> 120.5 pcf 
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3.10 Pullout Test Calculations  
 
Several calculations are used in association of pullout testing.  The calculations are in 
accordance with ASTM D6706. The normal stress on the geosynthetic material can be found by 
adding the external normal stress on the soil and the stress caused by the weight of soil above the 
geosynthetic. The normal stress can be found as: 
  
spn σσσ +=                                                              eqn. (3.1) 
Where,  
 σn= Total Normal Stress (force / unit area) 
 σp Applied Normal Stress (force / unit area) 
 σs= Normal stress of soil over geogrid (force / unit area) 
 
Shear stress is computed by dividing the pullout force by the cross-sectional area as:  
 
A
Fs
2
=τ        eqn. (3.2) 
Where: 
τ = Shear stress (kPa) 
sF = Force (kN) 
A =corrected material cross sectional area (m2) 
2 = factor for both sides of the geosynthetic 
 
The cross-sectional area used in calculations does incorporate the deformation of the 
geosynthetic during pullout.  The cross-sectional areas were calculated using the effective length 
of the sample, which changes continuously with the movement of the geosynthetic during pull out. 
The lateral cross-sectional area was doubled to account for both the upper and lower shear 
interfaces as shown in Figure 3.15.  
  
 
Figure 3.15: Area of the soil-geosynthetic interface  
 
Displacement is given in terms of strain as.   
100×∆=
l
lε
                       eqn. (3.3) 
Where: 
ε  = Strain (%) 
∆l  = Change in length  
L = Original length  
 
The preceding equations allow a shear stress – strain plot to be constructed.   
 
The angle of friction is calculated from the following.  
Friction Angle (degrees) = ATAN )
14.3
180(*)(m                             eqn. (3.4) 
Where:  
M=slope of τ/ σ curve 
τ = Shear stress (kPa) 
σ = total normal stress applied to geosynthetic specimen (kPa) 
 
Shear stress and strain values at failure were averaged and plotted to obtain the failure 
envelope.  Once this graph was generated a trend line was placed to obtain the angle of friction and 
effective cohesion.  The effective cohesion is equal to the y-intercept of the trend line.  
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3.11 Geosynthetic Failure 
 
 As opposed to tests completed on the smaller pullout box A, synthetic materials in pullout 
box B failed in tension on numerous occasions.  Upon failure tests were stopped regardless 
whether a displacement of 5” had been reached or not. Tearing of the synthetic was obvious upon 
dramatic reduction of pullout capacity. Geosynthetic failure did not always occur at the same 
location.  Failure points were located at different locations of the tests.  Further testing past the 
initial failure load could result in possible damage to the worm screw jack by deformation in the 
form of bending.  Care was taken to stop any test immediately after the geosynthetic failure was 
noticed. 
 
3.12 Sources of Error 
 
Minor modifications were made to the testing procedure used in previous work [Niemiec 
2005].  One modification in the testing procedure for pullout device “B” was the introduction of 
plastic sheets on top and bottom faces. Plastic sheathing was added upon the testing of silts at zero 
moisture content.  Upon several tests, it was noticed that the normal pressure distribution was not 
an even above the soil sample.  At the latter end of the test box, the soil was compacted more 
illustrating the presence of uneven application of overburden pressure.  The application of plastic 
sheathing removed this problem. This change may introduce minor differences between the 
present data and the previous data. 
 
 There were also differences in the soil samples used in the previous work and the current 
research.  At the conclusion of each test a minimal amount of soil was lost due to adherence to the 
discarded geosynthetic.  This discarded soil was replaced at small increments.  After completing 
about 75% of the experiments, a test was conducted to determine Atterburg limits of “silty sand” 
and “clayey soil”.  Plasticity index values were conducted for quality control.  There were changes 
in the properties of “Silty sand”.  Figure 3.16 shows the Atterburg limits for “silty sand.”  The 
plasticity index was 7.35. 
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Figure 3.16: Atterburg limits for silty sand. 
 
Results indicated that the plasticity index of clayey soils had changed slightly: it changed 
from 9.54 (initially) to 6.64 (later). Figure 3.17 shows the Atterburg limits test of “clayey soil” for 
previous tests. 
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Figure 3.17: Atterberg limits for clayey sand with 35% clay mixture [Niemeic, 2005]. 
 
The liquid limit from the previous test was 25.10 and a plasticity limit was 15.56, resulting 
in a plasticity index of 9.54. A second Atterberg limits test was conducted to correlate the soil 
properties between the two research periods. Figure 3.18 shows the current Atterberg limits test for 
35% clay mixture.  
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Figure 3.18:  Atterberg limits for clayey sand with 35% clay mixture used for current 
testing. 
 
The liquid limit was 19.5, a value 5.6 points lower than the liquid limit in the previous test 
samples.  The plasticity limit of 12.9 was attained resulting in a plasticity index of 6.64 versus 
9.54.  Both soils continue to be listed as a clayey plastic soil according to USCS system. However, 
it is not known whether the change in plasticity index would have significant influence on pullout 
test results.  This change could be a potential source of error. It is also possible that the initial 
index property tests may have had minor errors. 
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CHAPTER 4 
EXPERIMENTAL RESULTS AND DISCUSSION 
 
4.1 Test Results for Pullout Box A  
 
Few pullout tests were continued from the previous testing program [Niemiec, 2005] by 
using pullout box A. Results obtained from these tests are shown in Figures 4.1 through 4.8. 
Results for three geosynthetic types (material A, B, and C) used with a clayey sand soil are shown.  
 
Figure 4.1 shows the average stress – strain relationship for the material A – clayey sand 
interface at 0% moisture content while Figure 4.2 shows the failure envelope at normal pressures 
of 5, 10 and 15 psi (34.5, 69, and 103.4 kPa), respectively. Results from Figure 4.1 show an 
increase in the pullout capacity with an increase in the normal stress. The computed angle of 
friction at the interface was 16.29 degrees.   
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Figure 4.1:  Stress-strain relationship for material A – clayey sand interface at 0% moisture 
content. 
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PULLOUT FAILURE ENVELOPE
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Figure 4.2: Failure envelope for material A – clayey sand interface at 0% moisture content. 
 
Figure 4.3 shows the pullout test results obtained for the material C – clayey sand interface 
at 0% moisture content. Results show an increase in the pullout capacity with an increase in the 
normal stress. The computed angle of friction was 4.31 degrees and cohesion was 0.5 kPa as 
shown in Figure 4.4.   
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Figure 4.3: Stress-strain relationship for material C – clayey sand interface at 0% moisture 
content. 
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Figure 4.4: Failure envelope for material C – clayey sand interface at 0% moisture content. 
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 Figure 4.5 shows the average results for the material A – clayey sand interface at 10% 
moisture content. An effective cohesion of 10.8 kPa was recorded and the computed angle of 
friction was 7.9 degrees as shown in Figure 4.6. 
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Figure 4.5: Stress-strain relationship for material A – clayey sand interface at 10% moisture 
content. 
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Figure 4.6: Failure envelope for material A – clayey sand interface at 10% moisture content. 
 
Figure 4.7 shows the results for the material C – clayey sand interface at 10% moisture 
content.  The computed angle of friction was 2.39 degrees and cohesion value was 0.77 kPa (0.11 
psi) as shown in Figure 4.8. 
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Figure 4.7: Stress-strain relationship for material C – clayey sand interface at 10% moisture 
content. 
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Figure 4.8: Failure envelope for material C – clayey sand interface at 10% moisture content. 
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 4.2 Test Results for Pullout Box B 
 
Tests were performed by using the larger pullout box B following the same procedure as 
previously used with the pullout box A. Test results for pullout box B are discussed in the section 
A through R. Tests were conducted at normal pressures of 5, 10 and 15 psi (34.5, 69 and 103.4 
kPa). Moisture contents were altered.  Silty and clayey sand were tested at moisture contents of 
0%, 10% and 15% while natural sand was tested only at 0% moisture content due zero cohesion, a 
property of natural sand. Stress-strain relationships were plotted with different combination of 
geosynthetic materials and soil types. Trend lines for different interfaces are shown in Appendix 
A.  Angle of friction was computed and effective cohesion was recorded by analyzing the failure 
envelopes.  The initial increase in pullout capacity was due to the electric gear motor; upon startup 
the motor sporadically increased a pullout rate greater than 5 mm/min. 
 
A. Material A– Natural Sand Interface at 0% Moisture Content 
 
Figure 4.9 shows the pullout shear stress-strain relationship for the natural sand-material A 
interface at 0% moisture content.  Failure of geosynthetic material at high normal stresses such as 
15 psi (103.4 kPa) was noticed.  Geogrid fibers began to break with a sudden drop in shear stress. 
Testing was halted once this phenomenon was seen.  Figure 4.10 shows the failure envelope for 
this interface.  The angle of friction was determined as 18.8 degrees.  The cohesion is zero due to 
properties of granular soils.   
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Figure 4.9: Stress-strain relationship for material A – natural sand interface at 0% moisture 
content. 
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Figure 4.10: Failure envelope for material A – natural sand interface at 0% moisture 
content. 
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 B. Material B – Natural Sand Interface at 0% Moisture Content  
 
Test results for the material B – natural sand interface at 0% moisture content are 
illustrated in Figures 4.11 and 4.12.  The results show an increase in pullout capacity with the 
increase of normal stress.  Unlike material A, material B did not exhibit a large degree of variance 
with the addition of normal pressure. No failure in geosynthetic was observed at the normal stress 
of 5 psi (34.5 kPa), but at the normal stress of 10 psi (69 kPa) and 15 psi (103.4 kPa) failure was 
seen in the form of ripping.  The computed angle of friction was 8.8 degrees as shown in Figure 
4.12.. 
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Figure 4.11: Stress-strain relationship for material B – natural sand interface at 0% 
moisture content. 
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Figure 4.12: Failure envelope for material B – natural sand interface at 0% moisture 
content. 
 
 
C. Material C – Natural Sand Interface at 0% Moisture Content  
 
Test results for material C – natural sand interface are seen in Figures 4.13 and 4.14.  
Results show that material C exhibits lower pullout capacity in comparison to the materials A and 
B.  The reduction in pullout capacity seems to be accompanied by a reduction of the tensile 
strength of the material. Failure (ripping) in the geosynthetic (C) was not observed, but necking of 
the geosynthetic material was noticeable. The angle of friction was calculated as 4.0 degrees with 
an effective cohesion of zero as shown in Figure 4.14. 
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Figure 4.13: Stress-strain relationship for material C – natural sand interface at 0% 
moisture content. 
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Figure 4.14: Failure envelope for material C – natural sand interface at 0% moisture 
content. 
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D. Material A - Silty Sand Interface at 0% Moisture Content  
 
 Test results for the material A– silty sand interface at 0% moisture content are shown in 
Figures 4.15 and 4.16. Results show an increase in the pullout capacity with an increase in normal 
stress. Results were observed similar to that of material B-natural sand interface at 0% moisture 
content. No failure in the geosynthetic material-A was observed for the normal pressures of 5 psi 
(34.5 kPa) and 10 psi (69 kPa). However, material-A failed in the form of ripping for the normal 
pressure of 15 psi (103.4 kPa) due to tensile strength of the material. The computed angle of 
friction was 10.1 degrees and an effective cohesion value of 8.17 kPa (1.18 psi) was recorded. 
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Figure 4.15: Stress-strain relationship for material A – silty sand interface at 0% moisture 
content. 
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Figure 4.16: Failure envelope for material A – silty sand interface at 0% moisture content. 
 
E.  Material B - Silty Sand Interface at 0% Moisture Content  
 
Figures 4.17 and 4.18 show the results obtained for the material B – silty sand interface at 
0% moisture content.  At high stress levels, the stress-strain relationship (Figure 4.17) appears to 
be linear.  The recorded effective cohesion was 11.59 kPa (1.68 psi) and computed angle of 
friction was 1.87 degrees. 
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Figure 4.17: Stress-strain relationship for material B – silty sand interface at 0% moisture 
content. 
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Figure 4.18: Failure envelope for material B – silty sand interface at 0% moisture content. 
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F. Material C - Silty Sand Interface at 0% Moisture Content 
 
Figure 4.19 and Figure 4.20 display the test results for the material C-silty sand interface at 
0% moisture content. Similar results were inferred as in the previous case of material C. The 
computed angle of friction was 4.4o and effective cohesion was 0.92 kPa (0.13 psi).   
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Figure 4.19: Stress-strain relationship for material C – silty sand interface at 0% moisture 
content. 
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Figure 4.20: Failure envelope for material C – silty sand interface at 0% moisture content. 
 
G. Material A – Silty Sand Interface at 10% Moisture Content 
 
Figure 4.21 and Figure 4.22 show the shear stress-strain plot and the failure envelope for 
the material A–silty sand interface at 10 % moisture content, respectively.  Pullout capacity 
increased as the overburden pressure was increased, following the trend set forth in the 0% 
moisture content samples. After the overburden pressure was increased to 10 psi (69 kPa), ultimate 
pullout capacity occurred at a lower strain value. The angle of friction and effective cohesion for 
this interface were 7.9° and 12.5 kPa (1.81 psi), respectively.   
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Figure 4.21: Stress-strain relationship for material A – silty sand interface at 10% moisture 
content. 
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Figure 4.22: Failure envelope for material A – silty sand interface at 10% moisture content. 
 
H.  Material B – Silty Sand Interface at 10% Moisture Content 
 
Figures 4.23 and 4.24 illustrate the test results for the material B – silty sand interface at 
10% moisture content.  Pullout capacity increased with the increase of normal pressure. Failure of 
the geosynthetic material-B occurred at higher normal pressures. Failure was observed prematurely 
before reaching the desired displacement of 5 inches. The computed angle of friction and effective 
cohesion were 4.9 degrees and 5.63 kPa (0.82 psi), respectively.    
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Figure 4.23: Stress-strain relationship for material B – silty sand interface at 10% moisture 
content. 
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Figure 4.24: Failure envelope for material B – silty sand interface at 10% moisture content. 
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I.  Material C – Silty Sand Interface at 10% moisture content 
  
Figure 4.25 and Figure 4.26 show the test results for the material C – silty sand interface at 
10% moisture content.  Pullout capacity for this interface did not follow previous trends.  
Maximum pullout capacity occurred at the normal pressure of 10 psi (69 kPa). The effects of this 
potentially erroneous data create a discrepancy in the calculated angle of friction, a value which 
should be greater than the calculated 2.1 degrees. This interface needs to be further tested to obtain 
adequate and reliable results.  
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Figure 4.25: Trend lines showing stress-strain relationship for material C – silty sand 
interface at 10% moisture content. 
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Figure 4.26: Failure envelope for material C – silty sand interface at 10% moisture content. 
 
J.  Material A – Silty Sand Interface at 15% Moisture Content 
   
Test results for the material A – silty sand interface at 15% moisture content are shown in 
Figures 4.27 and 4.28.  Results illustrate an increase in pullout capacity with the increase of 
normal pressure.  Tests for the normal pressure of 15 psi (103.4 kPa) were not performed. The 
calculated angle of friction was derived using the tests for normal pressures of 5 psi (34.5 kPa) and 
10 psi (69 kPa).  The calculated angle of fiction was 2.93 degrees and effective cohesion was 12.52 
kPa (1.81 psi) as shown in Figure 4.28.   
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Figure 4.27: Trend lines showing stress-strain relationship for material A – silty sand 
interface at 15% moisture content. 
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Figure 4.28: Failure envelope for material A – silty sand interface at 15% moisture content. 
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K.  Material B – Silty Sand Interface at 15% Moisture Content 
  
Test results for the material B – silty sand interface at 15% moisture content are shown in 
Figures 4.29 and 4.30.  As expected, pullout capacity increased with the increase in normal 
pressure. The calculated angle of friction was 1.79 degrees and effective cohesion was 16.64 kPa 
(2.41 psi). Results for the normal pressure of 10 psi (69 kPa) and 15 psi (103.4 kPa) appear to be 
very close, therefore future testing is recommended.  
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Figure 4.29: Stress-strain relationship for material B – silty sand interface at 15% moisture 
content. 
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Figure 4.30: Failure envelope for material B – silty sand interface at 15% moisture content. 
 
L.  Material C- Silty Sand Interface at 15% Moisture Content 
 Test results for the material C – silty sand interface at 15% moisture content are shown in 
Figures 4.31 and 4.32. Material C did not fail and experienced great deformation in the form of 
necking reaching the desired displacement of 5”. The calculated angle of friction was 1.6 degrees 
and effective cohesion was 5.75 kPa. 
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Figure 4.31: Stress-strain relationship for material C – silty sand interface at 15% moisture 
content. 
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Figure 4.32: Failure envelope for material C – silty sand interface at 15% moisture content. 
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 M. Material A – Clayey Sand Interface at 0% Moisture Content 
  
Test results for the material A – clayey sand interface at 0% moisture content are illustrated 
in Figures 4.33 and 4.34.  Because of the variances observed in the recorded data for the normal 
pressure of 10 psi (69 kPa), four tests were conducted for this normal pressure. With the increase 
in normal stress, an increase in the ultimate shear stress and a decrease in failure strain was 
noticed. The computed angle of friction was 6.6° and the effective cohesion was 11.86 kPa (1.72 
psi). 
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Figure 4.33: Stress-strain relationship for material A – clayey sand interface at 0% moisture 
content. 
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Figure 4.34: Failure envelope for material A – clayey sand interface at 0% moisture content. 
 
 
N. Material B - Clayey Sand Interface at 0% Moisture Content 
  
Test results for the material B – clayey sand interface at 0% moisture content are shown in 
the Figures 4.35 and 4.36. The computed angle of friction was 0.55 degrees and the effective 
cohesion was12.36 kPa (1.79 psi).  
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Figure 4.35: Stress-strain relationship for material B – clayey sand interface at 0% moisture 
content. 
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Figure 4.36: Failure envelope for material B – clayey sand interface at 0% moisture content. 
 
O.  Material C – Clayey Sand Interface at 0% Moisture Content 
 
 Test results for geosynthetic C – clayey sand interface at 0% moisture content are shown in 
Figures 4.37 and 4.38. The pullout capacities increased as overburden pressure was increased. 
Necking (stretching) was noticeably seen, but failure did not occur even at high pressures. The 
computed angle of friction was 5.8 degrees and effective cohesion was 1.99 kPa (0.28 psi). 
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Figure 4.37: Stress-strain relationship for material C – clayey sand interface at 0% moisture 
content. 
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Figure 4.38: Failure envelope for material C – clayey sand interface at 0% moisture content. 
 
P. Material A – Clayey Sand Interface at 10% Moisture Content 
 
Figures 4.39 and 4.40 show the test results for the material A – clayey sand interface at 
10% moisture content.  Pullout capacity increased as the overburden pressure was increased, 
following the trend set forth in the 0% moisture content samples. With the increase in normal 
pressure to 10 psi (69 kPa), a strain decrease at ultimate pullout capacity was observed. The angle 
of friction for this interface was 11.2° and effective cohesion of 8.67 kPa (1.26 psi) was computed. 
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Figure 4.39: Stress-strain relationship for material A – clayey sand interface at 10% 
moisture content. 
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Figure 4.40: Failure envelope for material A – clayey sand interface at 10% moisture 
content. 
 
Q.  Material B – Clayey Sand Interface at 10% Moisture Content 
  
Figure 4.41 and Figure 4.42 show the test results for the material B–clayey sand interface 
at 10% moisture content.  Pullout capacity increased as the normal pressure was increased. The 
calculated angle of friction was 2.24 degrees and effective cohesion was 8.69 kPa (1.26 psi) as 
shown in Figure 4.42. 
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Figure 4.41: Stress-strain relationship for material B – clayey sand interface at 10% 
moisture content. 
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Figure 4.42: Failure envelope for material B – clayey sand interface at 10% moisture 
content. 
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R.  Material C – Clayey Sand Interface at 10% Moisture Content 
  
Figure 4.43 and Figure 4.44 show the test results for the material C – clayey sand interface 
at 10% moisture content. No failure in geosynthetic material C was observed even at higher 
normal pressures. The desired displacement of 5 inches was reached. This shows that the material-
C did not fail catastrophically. The computed angle of fiction was 1.69 degrees and effective 
cohesion was recorded as 3.2 kPa (0.46 psi).  
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Figure 4. 43: Stress-strain relationship for material C – clayey sand interface at 10% 
moisture content. 
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Material C-Clayey Sand Interface (10% Moisture Content)
y = 0.0295x + 3.2011
R2 = 0.9996
0
1
2
3
4
5
6
7
0 20 40 60 80 100 120
Normal Stress (kPa)
Sh
ea
r S
tr
es
s 
(k
Pa
)
ANGLE OF FRICTION = 1.69o
 
Figure 4.44: Failure envelope for material C – clayey sand interface at 10% moisture 
content. 
 
4. 3 Effect of Soil Properties  
  
Figures 4.45 through 4.53 show the soil effects for materials A, B, and C at three different 
normal pressures.  Moisture content was kept at 0% for all of the tests shown in these figures. 
Results show that soil type does not have a significant effect on pullout capacity of the 
geosynthetic materials A and B. Variation in pullout capacities seems to be due to other variables 
such as interface frictional properties. Results for material C show that soil type does have a 
significant influence on the pullout capacity. It should be noticed that the geosynthetic materials A 
and B are geogrids, while geosynthetic material C is a geotextile. 
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Figure 4.45: Influence of different soil types at a normal pressure of 5 psi (34.5 kPa) using 
material A at 0% moisture content. 
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Figure 4.46: Influence of different soil types at a normal pressure of 10 psi (69 kPa) using 
material A at 0% moisture content. 
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Soil Effect on Pullout Test Results 
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Figure 4.47: Influence of different soil types at a normal pressure of 15 psi (103.4 kPa) using 
material A at 0% moisture content. 
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Figure 4.48: Influence of different soil types at a normal pressure of 5 psi (34.5 kPa) using 
material B at 0% moisture content. 
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Figure 4.49: Influence of different soil types at a normal pressure of 10 psi (69 kPa) using 
material B at 0% moisture content. 
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Figure 4.50: Influence of different soil types at a normal pressure of 15 psi (103.4kPa) using 
material B at 0% moisture content. 
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 Soil Effect onPullout Test Results
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Figure 4.51: Influence of different soil types at a normal pressure of 5 psi (34.5 kPa) using 
material C at 0% moisture content. 
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Figure 4.52: Influence of different soil types at a normal pressure of 10 psi (69 kPa) using 
material C at 0% moisture content. 
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Figure 4.53: Influence of different soil types at a normal pressure of 15 psi (103.4 kPa) using 
material C at 0% moisture content. 
 
4.4 Effect of Moisture Content 
 
Figures 4.54, 4.55, and 4.56 show the pullout results for the material B – silty sand 
interface for the normal stress of 5 psi (34.5 kPa), 10 psi (69 kPa) and 15 psi (103.4 kPa), 
respectively with different moisture contents of 0%, 10%, and 15%. Decrease in shear stress was 
observed with the decrease in the moisture content for geosynthetic material B. 
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Figure 4.54: Effect of moisture content on material B – silty sand interface at 5 psi (34.5 kPa) 
normal pressure. 
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Figure 4.55:  Effect of moisture content on material B – silty sand interface at 10 psi (69 
kPa) normal pressure. 
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Figure 4.56:  Effect of moisture content on material B – silty sand interface at 15 psi (103.4 
kPa) normal pressure. 
 
 
Figures 4.57, 4.58, and 4.59 show the pullout results for the material B – clayey sand 
interface for the normal stress of 5 psi (34.5 kPa), 10 psi (69 kPa) and 15 psi (103.4 kPa), 
respectively with different moisture contents of 0%, 10%, and 15%.  
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Figure 4.57:  Effect of moisture content on material B – clayey sand interface at 5 psi (34.5 
kPa) normal pressure. 
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Figure 4.58: Effect of moisture content on material B – clayey sand interface at 10 psi (69 
kPa) normal pressure. 
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Figure 4.59:  Effect of moisture content on material B – clayey sand interface at 15 psi 
(103.4 kPa) normal pr0essure. 
 
 
Figures 4.60, 4.61, and 4.62 show the pullout results for the material C – clayey sand 
interface for the normal stress of 5 psi (34.5 kPa), 10 psi (69 kPa) and 15 psi (103.4 kPa), 
respectively with different moisture contents of 0%, 10%, and 15%.  The moisture content seems 
to have an influence on the pullout capacity. The pullout capacity seems to be lower at 10% 
moisture content than that for the dry soil. At higher values of moisture content (15%), the pullout 
capacity seems to be higher. As the moisture content was further increased from the dry condition, 
the pullout capacity seems to have decreased. Perhaps, this may be due to a reduction in frictional 
properties as the water becomes to act like a lubricant. At higher water contents (15%), the 
moisture appears to help in the development of cohesion, which in turn increases the pullout 
capacity. 
 
 97
Pullout Moisture Content Effect
Material C - Clayey Sand Interface, On = 34.5 kPa 
0
1
2
3
4
5
6
7
8
0 2 4 6 8 10
Strain (%)
Sh
ea
r S
tr
es
s 
(k
Pa
)
12
0% Moisture Content
10% Moisture Content
 
Figure 4.60:  Effect of moisture content on material C – clayey sand interface at 5 psi (34.5 
kPa) normal pressure. 
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Figure 4.61:  Effect of moisture content on material C – clayey sand interface at 10 psi (69 
kPa) normal pressure. 
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Figure 4.62:  Effect of moisture content on material C – clayey sand interface at 15 psi 
(103.4 kPa) normal pressure. 
 
4.5 Comparison of Results from Pullout Box A and Pullout Box B 
 
a. Comparison of Results for Material A - Natural Sand Interface at 0% Moisture Content 
 
Figure 4.63 compares the pullout capacities obtained from two different box sizes – pullout 
box-A and pullout box-B. Figure 4.64 illustrates the failure envelopes obtained by using these 
boxes. The comparison was made for the material A - natural sand interface at 0% moisture 
content. Results show a decrease in the pullout capacity with an increase in the box dimensions. 
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Figure 4.63:  Stress-strain relationship showing the effect of box size for material A – 
natural sand interface at 0% moisture content. 
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Figure 4.64:  Failure envelope comparison of different box sizes for material A – natural 
sand interface at 0% moisture content. 
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b. Comparison of Results for Material B - Natural Sand Interface at 0% Moisture Content 
 
Figure 4.65 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B for the above combination. Figure 4.66 shows the failure envelope 
obtained by using these boxes. The comparison was made for the material B - natural sand 
interface at 0% moisture content. Not much of a difference was observed in the pullout capacities 
obtained from both boxes, unlike the results observed for material A as seen in Figure 4.63. 
However, the pullout capacities were slightly higher for the smaller pullout device. 
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Figure 4.65:  Stress-strain relationship showing the effect of box size for material B – 
natural sand interface at 0% moisture content. 
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Figure 4.66:  Failure envelope comparison of different box sizes for material B – natural 
sand interface at 0% moisture content. 
 
c. Comparison of Results for Material C - Natural Sand Interface at 0% Moisture Content 
 
Figure 4.67 compares the pullout capacities obtained from two different box sizes – pullout 
box-A and pullout box-B. Figure 4.68 shows the failure envelope for these two cases. The 
comparison was made for the material C - natural sand interface at 0% moisture content. Material 
C did not follow the same trend set forth by materials A and B.  Results show an increase in the 
pullout capacity with increase in the box dimensions. The drastic increase in the pullout capacity 
for normal pressure of 15 psi (103.4 kPa) is not yet fully understood.  It should be noted that 
material C is a geotextile, while materials A and B are geogrids. 
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Figure 4.67:  Stress-strain relationship showing the effect of box size for material C – 
natural sand interface at 0% moisture content. 
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Figure 4.68:  Failure envelope comparison of different box sizes for material C – natural 
sand interface at 0% moisture content. 
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d. Comparison of Results for Material A - Silty Sand Interface at 0% Moisture Content 
 
Figure 4.69 compares the pullout capacities obtained from two different box sizes. Figure 
4.70 shows the failure envelope obtained by using two different pullout boxes. The comparison 
was made for the material A - silty sand interface at 0% moisture content. Results show a decrease 
in the pullout capacity with increase in the box dimensions as observed for material A-natural sand 
interface at 0% moisture content (as shown in Figure 4.63). 
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Figure 4.69:  Stress-strain relationship showing the effect of box size for material A – silty 
sand interface at 0% moisture content. 
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Figure 4.70:  Failure envelope comparison of different box sizes for material A – silty sand 
interface at 0% moisture content. 
 
e. Comparison of Results for Material B - Silty Sand Interface at 0% Moisture Content 
 
Figure 4.71 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.72 shows the failure envelope for these boxes. The comparison 
was made for the material B - silty sand interface at 0% moisture content. Plotted results are 
relatively linear. Results show a decrease in the pullout capacity with an increase in the box 
dimensions.  
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Figure 4.71:  Stress-strain relationship showing the effect of box size for material B – silty 
sand interface at 0% moisture content. 
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Figure 4.72:  Failure envelope comparison of different box sizes for material B – silty sand 
interface at 0% moisture content. 
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f. Comparison of Results for Material C - Silty Sand Interface at 0% Moisture Content 
 
Figure 4.73 compares the pullout capacities obtained from the pullout box A and pullout 
box B. Figure 4.74 shows the failure envelope corresponding to these boxes. The comparison was 
made for the material C - silty sand interface at 0% moisture content. Results show an increase in 
the pullout capacity with an increase in the box dimensions allowing greater shear stress to be 
achieved. Also, with the increase of normal pressure, an increase in the shear strength was 
observed as shown in the Figure 4.73.  None of the geosynthetic samples failed even after 
achieving a strain percentage of approximately 10.5% and 12% for box B and box A, respectively.   
Pullout Box Comparison 
Material C-"Silty Sand" 0% Moisture Content)
0
1
2
3
4
5
6
7
8
9
0 2 4 6 8 10 12
Strain (%)
Sh
ea
r S
tr
es
s 
(k
Pa
)
14
small C-5psi
small C-10psi
small C-15psi
LARGE C-5psi
LARGE C-10psi
LARGE C-15psi
 
Figure 4.73:  Stress-strain relationship showing the effect of box size for material C – silty 
sand interface at 0% moisture content. 
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Figure 4.74:  Failure envelope comparison of different box sizes for material C – silty sand 
interface at 0% moisture content. 
 
g. Comparison of Results for Material A - Silty Sand Interface at 10% Moisture Content 
 
Figure 4.75 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.76 shows the failure envelope for these boxes. The comparison 
was made for the material A - silty sand interface at 10% moisture content. Similar results were 
observed as in the case of material B-natural sand interface. Not much of a difference was 
observed in the pullout capacities obtained from both boxes, unlike the results observed for 
material A. The shear stress seems to be similar for both boxes, except for that corresponding to 
higher normal pressures.  
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Figure 4.75:  Stress-strain relationship showing the effect of box size for material A – silty 
sand interface at 10% moisture content. 
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Figure 4.76:  Failure envelope comparison of different box sizes for material A – silty sand 
interface at 10% moisture content. 
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h. Comparison of Results for Material B - Silty Sand Interface at 10% Moisture Content 
 
Figure 4.77 compares the pullout capacities obtained from pullout box-A and pullout box-
B. Figure 4.78 shows the failure envelope for these boxes. The comparison was made for the 
material B - silty sand interface at 10% moisture content. As expected, this interface follows the 
same trend set forth in previous comparisons of the materials A and material B interfaces showing 
a decrease in the pullout capacity with an increase in the box dimensions. 
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Figure 4.77:  Stress-strain relationship showing the effect of box size for material B – silty 
sand interface at 10% moisture content. 
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Figure 4.78:  Failure envelope comparison of different box sizes for material B – silty sand 
interface at 10% moisture content. 
 
 
i. Comparison of Results for Material C - Silty Sand Interface at 10% Moisture Content 
 
Figure 4.79 compares the pullout capacities obtained from two different box sizes. Figure 
4.80 shows the failure envelope for these boxes. The comparison was made for the material C - 
silty sand interface at 10% moisture content. Results show an increase in the pullout capacity with 
increase in the box dimensions. Previous results of material C with natural sand and silty sand 
follow the same trend. Failure of geosynthetic material C did not occur in either of the pullout 
devices even at higher normal pressures. Instead, necking or stretching of the material was 
observed at higher displacements. 
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Figure 4.79:  Stress-strain relationship showing the effect of box size for material C – silty 
sand interface at 10% moisture content. 
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Figure 4.80:  Failure envelope comparison of different box sizes for material C – silty sand 
interface at 10% moisture content. 
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j. Comparison of Results for Material A - Silty Sand Interface at 15% Moisture Content 
 
Figure 4.81 compares the pullout capacities obtained from the pullout box-A and pullout 
box-B. Figure 4.82 shows the failure envelope for these boxes. The comparison was made for the 
material A - silty sand interface at 15% moisture content. Results show a decrease in the pullout 
capacity with an increase in the box dimensions. 
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Figure 4.81:  Stress-strain relationship showing the effect of box size for material A – silty 
sand interface at 15% moisture content. 
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Figure 4.82:  Failure envelope comparison of different box sizes for material A – silty sand 
interface at 15% moisture content. 
 
 
k. Comparison of Results for Material B - Silty Sand Interface at 15% Moisture Content 
 
Figure 4.83 compares the pullout capacities obtained from two different box sizes – pullout 
box-A and pullout box-B. Figure 4.84 shows the failure envelope for these boxes. The comparison 
was made for the material B - silty sand interface at 15% moisture content. Results for this 
interface at higher moisture content did not follow the same trend as observed at lower moisture 
contents. A slight increase in the pullout capacity was noticed in favor of the larger pullout device 
(pullout box B). Failure point of the material occurred at lower strains with increase in the normal 
stress due to tensile strength of the material as shown in the Figure 4.83. 
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Figure 4.83:  Stress-strain relationship showing the effect of box size for material B – silty 
sand interface at 15% moisture content. 
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Figure 4.84:  Failure envelope comparison of different box sizes for material B – silty sand 
interface at 15% moisture content. 
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 l. Comparison of Results for Material C - Silty Sand Interface at 15% Moisture Content 
 
Figure 4.85 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.86 shows the failure envelope for these boxes. The comparison 
was made for the material C - silty sand interface at 15% moisture content. Results show an 
increase in the pullout capacity with an increase in the box dimensions. Failure of geosynthetic 
material was not seen. Test results are very similar to previous tests conducted using material C. 
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Figure 4.85:  Stress-strain relationship showing the effect of box size for material C – silty 
sand interface at 15% moisture content. 
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Figure 4.86:  Failure envelope comparison of different box sizes for material C – silty sand 
interface at 15% moisture content. 
 
m. Comparison of Results for Material A - Clayey Sand Interface at 0% Moisture Content 
 
Figure 4.87 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.88 shows the failure envelope for these boxes. The comparison 
was made for the material A - clayey sand interface at 0% moisture content. Plotted results show a 
slight increase in the pullout capacity with increase in the box dimensions. No significant 
difference was observed in the results of both boxes.  
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Figure 4.87:  Stress-strain relationship showing the effect of box size for material A – clayey 
sand interface at 0% moisture content. 
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Figure 4.88:  Failure envelope comparison of different box sizes for material A – clayey sand 
interface at 0% moisture content. 
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 n. Comparison of Results for Material B - Clayey Sand Interface at 0% Moisture Content 
 
Figure 4.89 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.90 shows the failure envelope for these boxes. The comparison 
was made for the material B - clayey sand interface at 0% moisture content. There is relatively no 
change in pullout capacity as the sample size is increased. Angle of friction decreased as the 
sample size increased. 
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Figure 4.89:  Stress-strain relationship showing the effect of box size for material B – clayey 
sand interface at 0% moisture content. 
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Figure 4.90:  Failure envelope comparison of different box sizes for material B – clayey sand 
interface at 0% moisture content. 
 
o. Comparison of Results for Material C - Clayey Sand Interface at 0% Moisture Content 
 
Figure 4.91 compares the pullout capacities obtained from the pullout box-A and pullout 
box-B. Figure 4.92 shows the failure envelope for these boxes. The comparison was made for the 
material B - clayey sand interface at 0% moisture content. Pullout capacity increased as the sample 
size increased. 
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Figure 4.91:  Stress-strain relationship showing the effect of box size for material C – clayey 
sand interface at 0% moisture content. 
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Figure 4.92:  Failure envelope comparison of different box sizes for material C – clayey sand 
interface at 0% moisture content. 
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p. Comparison of Results for Material A - Clayey Sand Interface at 10% Moisture Content 
 
Figure 4.93 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.94 shows the failure envelope for these boxes. The comparison 
was made for the material A - clayey sand interface at 10% moisture content.  Results show a 
decrease in the pullout capacity with the increase in the box dimensions.   
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Figure 4.93:  Stress-strain relationship showing the effect of box size for material C – clayey 
sand interface at 10% moisture content. 
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Figure 4.94:  Failure envelope comparison of different box sizes for material A – clayey sand 
interface at 10% moisture content. 
 
q. Comparison of Results for Material B - Clayey Sand Interface at 10% Moisture Content 
 
Figure 4.95 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.96 shows the failure envelope for these boxes. The comparison 
was made for the material B - clayey sand interface at 10% moisture content. Similar results were 
obtained for normal pressures of 10 psi (69 kPa) and 15 psi (103.4 kPa). However, for the lower 
pressures of 5 psi (34.5 kPa), the pullout capacity was lower for the large box.  
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Figure 4.95:  Stress-strain relationship showing the effect of box size for material B – clayey 
sand interface at 10% moisture content. 
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Figure 4.96:  Failure envelope comparison of different box sizes for material B – clayey sand 
interface at 10% moisture content. 
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 r. Comparison of Results for Material C - Clayey Sand Interface at 10% Moisture Content 
 
Figure 4.97 compares the pullout capacities obtained from two different box sizes – pullout 
box A and pullout box B. Figure 4.98 shows the failure envelope for these boxes. The comparison 
was made for the material C - clayey sand interface at 10% moisture content.  Test results of this 
interface are similar to the previous results for material C.  Pullout capacity increased as the 
sample size was increased.   
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Figure 4.97:  Stress-strain relationship showing the effect of box size for material C – clayey 
sand interface at 10% moisture content. 
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Figure 4.98:  Failure envelope comparison of different box sizes for material C – clayey sand 
interface at 10% moisture content. 
 
Table 4.1 lists the angle of friction and effective cohesion for different combinations of 
geosynthetic materials and the soil types used for experimental testing with two pullout devices, A 
and B.  It also lists the aperture dimensions and geosynthetic properties such as tensile strength of 
the geosynthetic material. 
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Table 4.1 Experimental test results for pullout box A and pullout box B. 
       Box A Box B 
Box A – 
 Box B 
Geosynthetic 
Material 
Tensile 
Strength 
(kN/m) 
Grid 
Aperture 
Size, MD 
(mm) 
Grid 
Aperture 
Size, 
XMD 
(mm) 
Mass 
per 
Unit 
Area 
(g/m2) 
Soil Type 
Water 
Content 
(%) 
Angle of 
Friction 
(degrees) 
Effective 
Cohesion 
(kPa) 
Angle 
of 
Friction 
(degree
s) 
Effective 
Cohesion 
(kPa) 
Difference 
(Angle of 
Friction) 
Sand 0 26.01 0 18.82 0 7.19 
0 19.21 4.5 10.10 8.17 9.11 
10 15.46 3.9 7.87 13.1 7.59 Silt 
15 16.78 1.1 2.93 12.52 13.85 
0 16.29 1.1 6.63 11.72 9.66 
A 120 65 20 415 
Clay 10 7.90 11.36 11.20 8.1 -3.30 
Sand 0 12.21 0 8.80 0 3.41 
0 4.22 9.3 1.87 11.59 2.35 
10 5.00 7.4 4.99 5.62 0.01 Silt 
15 4.06 7.5 1.79 16.64 2.27 
0 4.60 7.4 0.55 12.63 4.05 
10 1.94 9.9 2.24 8.69 -0.30 
B 35 40 25 170 
Clay 
15 1.01 9.4     1.01 
Sand 0 2.11 0 4.04 0 -1.93 
0 0.33 2.19 1.87 0.92 -1.54 
10 1.10 1.1 2.10 6.46 -1.00 Silt 
15 0.29 2.1 1.59 5.75 -1.30 
0 4.31 0.54 5.88 1.99 -1.57 
C 0.36 N/A N/A 310* 
Clay 10 2.39 0.77 1.69 3.2 0.70 
 
Note:  Data for Box A results were obtained from previous studies except Box A, Materials A&C - "Clayey Sand", 0% MC [Niemiec, 2005]
4.7 Effect of Sample Size 
  
Testing was conducted to investigate if geosynthetic sample size effected the 
pullout capacity when utilizing the same pullout box.  Separate tests were conducted with 
nine different samples of material B using the large pullout device. The dimensions for 
these nine different samples are listed in Table 4.2.  Length of the sample was varied 
from 24 inch to 48 inch. Width of the samples was varied from 6 inch to 17 inch.  Natural 
sand was used to conduct these tests. Test procedures follow the guidelines provided in 
section 3.8.2.  
 
Table 4.2: Sample sizes for geosynthetic material B. 
 
Sample ID Nominal Dimension (in) 
1 6 X 24 
2 6 X 36 
3 6 X 48 
  
4 12 X 24 
5 12 X 36 
6 12 X 48 
  
7 17 X 24 
8 17 X 36 
9 17 X 48 
 
   
A linear stress – strain relationship was noticed with the increase in length of the 
sample size as shown in Figures 4.99 through 4.101.  Test results also illustrate higher 
pullout capacity with the increase of normal stress. As the sample length was increased 
the failure point occurred at lower strain values and the tearing of geosynthetic material 
was observed.  Testing was not continued after the failure of the material. Continuation of 
testing would not achieve greater pullout values and would only damage the worm screw 
jack.   
6" Width Relationship
0
5
10
15
20
0 2 4 6 8
Strain (%)
Sh
ea
r S
tre
ss
 (k
Pa
)
10
6 X 24
6 X 36
6 X 48
 
 
Figure 4.99:  Effect of sample length for material B (with width of 6 inch).  
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Figure 4.100:  Effect of sample length for material B (with width of 12 inch).  
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Figure 4.101:  Effect of sample length for material B (with width of 17 inch).  
 
No significant difference was noticed for the effect of the sample width as shown 
in Figures 4.102 through 4.104.  Samples with lower width (6 inch) failed or ripped 
sooner than the 12 and 17 inch wide samples.   
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Figure 4.102:  Effect of sample width for material B (with length of 24 inch).  
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Figure 4.103:  Effect of sample width for material B (with length of 36 inch).  
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Figure 4.104:  Effect of sample width for material B (with length of 48 inch).  
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Table 4.3 lists the recorded values for the maximum force attained just before 
failure. The maximum force attained decreased as the length of the sample was increased.  
Also the percentage of strain decreased as the sample length was increased. Length of the 
sample size has a greater effect on pullout capacity when compared to the width of the 
sample.  
 
      Table 4.3: Test results for different sample sizes of geosynthetic material B.  
 
Sample ID 
Nominal Dimension 
(in) 
Max Force 
(lbf) 
Strain (%) at max 
Force 
1 6 X 24 1088 8.5 
2 6 X 36 1003.2 7.7 
3 6 X 48 971.5 5.2 
    
4 12 X 24 1967.1 14.5 
5 12 X 36 1850.1 8.1 
6 12 X 48 1838.9 4.8 
    
7 17 X 24 2263.8 14.1 
8 17 X 36 2295.3 7.7 
9 17 X 48 2115.5 5.5 
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 CHAPTER 5  
CONCLUSIONS 
 This chapter is divided into two sections: conclusions and recommendations. The 
objective of the study was to investigate the influence of soil type, geosynthetic type, 
moisture content, pullout box size, and sample size on the experimentally determined 
properties of the geosynthetic-soil interfaces. Three types of geosynthetic materials and 
three types of soils were used. Geosynthetic materials A and B were geogrids, while 
material C was a geotextile. Two different pullout boxes, which were built as a part of 
this study, were used to investigate the influence of sample size. Conclusions of the study 
are given below. 
5.1 Conclusions 
 
Conclusions were drawn by analyzing the experimental test results obtained from 
two different pullout devices – pullout box-A and pullout box-B. A total of about 150 
pullout tests were conducted to generate data.  
 
5.1.1 Influence of Moisture Content 
 
Moisture content does have an effect on pullout capacities of geogrids and 
geotextiles. Moisture does influence the strength parameters at the soil-geosynthetic 
interface as shown in Figures 4.69 through 4.96. The moisture content seems to have an 
influence on the pullout capacity. The pullout capacity seems to be lower at 10% 
moisture content than that for the dry soil. At higher values of moisture content (15%), 
the pullout capacity seems to be higher. As the moisture content was further increased 
from the dry condition, the pullout capacity seems to have decreased. Perhaps, this may 
be due to a reduction in frictional properties as the water becomes to act like a lubricant. 
At higher water contents (15%), the moisture appears to help in the development of 
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cohesion, which in turn increases the pullout capacity. Moisture content affects pullout 
results in the two following ways: 
• Lubrication – Sliding of the geosynthetic was observed without a gain in 
pullout capacity at lower moisture contents (w < 10%). 
• Effective Cohesion – Increase in the pullout capacity was noticed at higher 
(15%) values of moisture contents.  
5.1.2 Effect of Normal Pressure 
 
• Results from Figures 4.1 through 4.44 illustrate an increase in the pullout 
capacity with increase in the normal pressure.  
 
5.1.3 Effect of Geosynthetic Properties 
 
• Table 4.1 shows an increase in the friction angle at the soil-geosynthetic 
interface as the tensile strength of the material increased.  
i. Material A has the highest tensile strength and friction angle. 
ii. Material C has the lowest tensile strength and friction angle. 
 
• The angle of friction decreased as percentage of clay increased as seen in 
Table 4.1. 
 
5.1.4 Effect of Pullout Box Size 
 
• The angle of friction decreased as the pullout box dimensions were increased 
as seen in Table 5.1. 
 
• Table 5.1 also shows an increase in the effective cohesion as the sample size 
was decreased.  
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• Pullout capacities were higher for the smaller pullout device except for the 
geotextile (material C) as seen in Figures 4.63 through 4.98. 
 
• For material A, the larger sample size had minimal effects. However, the 
influence was greater than that of material B. Shear stress at failure was lower 
for the larger pullout device. 
 
• For material B, the larger sample size had little effect. Shear stress was lower 
for the larger pullout device. 
 
• For material C, the influence of sample size was larger than that for materials 
A and B.  Shear strength at soil-geosynthetic interface was higher for material 
C than for materials A and B. 
 
5.1.4 Effect of Sample Size 
 
• Length of the sample has no significant effect on the trend of the pullout 
capacities.  
 
• As the sample length was increased the failure point occurred at lower strain 
values and the tearing of geosynthetic material was witnessed. 
 
• Width of the sample has no effect on the pullout capacities attained. 
 
• Samples with lower width (6 inch) failed or ripped sooner than the 12 and 17 
inch wide samples. 
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5.2 Recommendation for Future Studies 
 
• Further testing is recommended on different soil types and geosynthetic 
materials to correlate the strength parameters and obtain a better 
understanding of the soil-geosynthetic interface.  
 
• Application of strain gauges on either side of the clamp will help in 
determining the deformations of the clamp.  
 
• Installation of an automated system to sustain a constant pullout rate for the 
smaller pullout device is recommended. 
 
• Compare laboratory test results of the larger pullout device to field pullout 
results of the same interface.  
 
• Conduct pullout tests with the same sample densities. 
 
• Conduct testing with a glass reinforced geogrids to mitigate geosynthetic 
deformation. 
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Appendix A 
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Figure A.1:  Trend lines showing stress-strain relationship for material A – 
natural sand interface at 0% moisture content. 
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Trend Lines 
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Figure A.2:  Trend lines showing stress-strain relationship for material B – natural 
sand interface at 0% moisture content. 
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Figure A.3:  Trend lines showing stress-strain relationship for material C – natural 
sand interface at 0% moisture content. 
 
Trend Lines 
Material A-"Silty Sand" Interface (0% Moisture Content)
0
5
10
15
20
25
30
0 2 4 6 8 10 12Strain (%)
Sh
ea
r S
tr
es
s 
(k
Pa
) 34.5 kPa
69 kPa
103.4 kPa
 
Figure A.4:  Trend lines showing stress-strain relationship for material A – silty 
sand interface at 0% moisture content. 
 
Trend Lines 
Material B- "Silty Sand" (0% Moisture Content)
0
2
4
6
8
10
12
14
16
18
0 2 4 6 8 10 12
Strain (%)
Sh
ea
r S
tr
es
s 
(k
Pa
)
34.5 kPa
69 kPa
103.4 kPa
 
 143
Figure A.5:  Trend lines showing stress-strain relationship for material B – silty 
sand interface at 0% moisture content. 
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Figure A.6:  Trend lines showing stress-strain relationship for material C – silty 
sand interface at 0% moisture content. 
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Trend Lines
Material A - "Silty Sand" Interface (10% Moisture Content)
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Figure A.7:  Trend lines showing stress-strain relationship for material A – silty 
sand interface at 10% moisture content. 
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Figure A.8:  Trend lines showing stress-strain relationship for material B – silty 
sand interface at 10% moisture content. 
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Trend Lines 
Material C - "Silty Sand"  Interface (10% Moisture Content)
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Figure A.9:  Trend lines showing stress-strain relationship for material C – silty 
sand interface at 10% moisture content. 
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Figure A.10:  Trend lines showing stress-strain relationship for material A – silty 
sand interface at 15% moisture content. 
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Trend Lines 
Material B - "Silty Sand" Interface (15% Moisture Content)
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Figure A.11:  Trend lines showing stress-strain relationship for material B – silty 
sand interface at 15% moisture content. 
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Figure A.12:  Trend lines showing stress-strain relationship for material C – silty 
sand interface at 15% moisture content. 
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Trend Lines 
Material A - "Clayey Sand" Interface (0% Moisture Content)
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Figure A.13:  Trend lines showing stress-strain relationship for material A – clayey 
sand interface at 0% moisture content. 
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Figure A.14:  Trend lines showing stress-strain relationship for material B – clayey 
sand interface at 0% moisture content. 
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Trend Lines 
Material C - "Clayey Sand" Interface (0% Moisture Content)
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Figure A.15:  Trend lines showing stress-strain relationship for material C – clayey 
sand interface at 0% moisture content. 
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Figure A.16: Trend lines showing stress-strain relationship for material A – clayey 
sand interface at 10% moisture content. 
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Trend Lines
Material B- "Clayey Sand" Interface (10%  Moisture Content)
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Figure A.17:  Trend lines showing stress-strain relationship for material B – clayey 
sand interface at 10% moisture content. 
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Figure A.18:  Trend lines showing stress-strain relationship for material C – clayey 
sand interface at 10% moisture content. 
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